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LECTURE. 



In the last Lecture I delivered m this theatre, in coimexioii with 
the Botanical examinatiojia of the Science and Art Dopttrtmejit 
or the Committee of Comicil on Edueation, 1 drew your att-eution 
generally to the gubjecfca which ought to he taught in a class of 
Botany. On the present occiision, I propose to dweU more par- 
tioularly on the way in which a teacher of Botany should go to 
work, in order to teach a class Botany, 

In the first phice I would impreaa upon you the necessity of makkang 
all your iiLstructiona practical. The gi*eat advantage of toacbing 
natural ficiencu at all is, that it trains the power« of observation and 
rLvflectiun, and however little practical use a man may make of the 
special subject in which he 13 taught, it eo develops his observing 
and reasoning powcri^, as to Htrengthen his miiid for use in whatever 
other direction the same powers may be required. In this way the 
Btudy of botany is eminently qualified to develop and strengthen both 
the perception and the judgment, but all this benefit would be lost, 
provided any substitute wa^i made for the exiiibition and examination 
of plants and the parts of plantjs themselves. Books should be em- 
ployed only as ^ubnidiary to the lessons of the teacher, and diagrams 
and drawings oidy called in to aid the senses in discovering the real 
Btrnctnro of plants. In the early stages of our education we are 
made so dependent on books and jiictures, that it is with the greatest 
difficulty that we can impress on the mindij of those who are to be 
taught, that these are not the objects of education, but only instru- 
ments to direct the mind in its course of development. It is very 
mortifying some time a to find that the only impression that has been 
made fiy tbe late demand for education has been to multiply books 
and pictures, and the poor people arc left as far off education as 
ever. I do not agree with those who think that whoo you have 
given a man the power of reailiTig, you have educated him sufli- 
cicntly. I do not think the power to rend in two, three, or four 
languages an education, and certainly no amount of reading alone 
will educate a man in the simplest elements of the natural sciences. 
I propose, then, to point out to you this evening some of the plans 
and rnetbods which I think you will do well to adopt in teaching a 
class botany. I shall follow the order of my last lecture, and begin 
with the chemistry of plants, for although many of you have ob- 
tained certificates in chemistry, and are teaching the same pupils 
botany and chemistry, yet I know there are some teachers who have 
not obtained any certificate in chemistry. It is on them that I would 
urge the impoii>ance of eommiinicatmg to their classes the elementi*, 
of chemistiy, or they will find it impossible to explain some of the 
most Tcmarkahlo phenomena of plant life. I think then the teatiher 
should have a collection of specimens of the more common elements, 
and compounds of thera, which are found in the structure of plants. 
It is of especial importance that the pujiil should know the chemical 
nature of the organic elements carbon, hydrogen, oxygen, and ni- 
trogen. Ho should be shown carbon in its three forms of charcoal, 
graphite, and the diaTnon<l, and the properties of the three guscs 
should be exhibited before hiin. The compounds of these el-ementa 



sBould theii be stndieil The proporfciea of water should be ex- 
plained. It may bo exJiibited in tlie act of forming by bolding a 
cold vessel over the tlame of a lamp. It may be decomposed by 
tbe aid of a piece of potassium or sodimn. In the same way the 
properties of carbonic ^ivcid, ammonia, and nitric acid Bhoufd be 
exhibited. I have liero a piece of carbonute of ammonia, the 
properties of tliis sabstance coiitaijiiiifT, as it does all the organic ele* 
I inetit.<$, Hhould be explained to a class. The caj*bonic ivcid may be 
obtained from this wait, b3'" pouring on it vinegar, sulphuric or 
hyilnx^hloric acid- The carbonic acid may be collected, and the 
' eaiii^Kt test^ of itsi presence applied. It puts out a lighted candle 
placed ill it* It gives a whit*^ sediment when shaken with lime- 
water. The wame gas may he shown to be given ont from the 
combustion of a cAiidlt!, fi'om the iire, ami from the human longB. 
It is this gas which is the [u-iticipal food of plants, and which supplies 
all tiio carhoiiaceous matter contained in plants. Almost all the 
value of the economical products of plants depends on their chemical 
composition; and in teaching economic botany, I do not think it 
BofRcient that the jjupil nhould know the giulistance itself, when 
pre8ent<*d to the oye, or the plant from whence it is derived. He 
should know how it is formed, and as Ikr aa possible the chemical 
comfiosition fjf the substance w^hich makes it usetub Let Uj^ take a 
gall nut for example* The pupil i^hould be shown the common 
forniti of gall mits, thoee which occui' in Great Britain and cl&e- 
where, and bo shown the diHerence between them and the common 
gali nut, which is tui article of cxtctisive commercial importance. 
[The mode in which thcfc^e gulls arc produced t>hould be brought 
before tho pupil, and the insects which produce them should bo 
descrihed or exhibited* He should alKO be informed the names of 
the various plaids on which they are found* Thus, the common gall, 
which is brought to this cotmtiy from the Levant, is exclusively 
obtained from the Qnercus lufactoi'taj el species of oak which grows 
on the Bborcs of the Mediterranean. There is a gall of a similar 
kind, but lighter in colour and weight, aiid larger in size, found 
cm the oak of our ow*u forests. This is not used commercially. 
A gall is found in the markets, obtained from the tamarisk, and 
another procured from the FIstacia ferehlidhus. Many of om* 
British plants produce excrescences from the same cause, and are 
called by various names. These may he all pointed out in a lesson 
on galls. 

We next come to the uses of galls. They are employed in medi- 
cine, in dyeing, and in the making of ink. Their uses can only be 
understood by roforouce to their chemical properties. The chemist 
extracts from the gall a chemical product, which is called gallic acid. 
It would not, perhnps, be easy to a person inexperienced in eheiaistry 
to perform the experiment of extracting gallic acid from galls, 
but it may be procured and exhibited to a class. Attention may 
then be di-awn to its physical appearance, and the pupil may be 
idluwed to ta^te it. Its effect upon the mouth is instructive. It 
** draws the niovith up,*' as jjcople say ; and thi"ough this sensation 
the pupil may Icai'n how it is that galls are employed in medicine, 
and what is meant by their being called '* astringent," 

ISTow, if we take a solution of sulphate of iron, and add a little of 
the gallic acid, it will be seen that the solution assumes a deep black 
coloui*. Here we really have iiik, Tlie gallic acid has united with 
the iron and formed a blac^k salt, which when a little gum and sugar 
are added, with some volatile oil to prevent ita mouldiiLg, is com* 
mon writing ink. 



The action of gallic acid on salts of iron may be made a good means 
of giving inatmction in tiie elementa of calico printing. If a piece 
of blotting^ paper or calico is soaked in a solution of sulphate of iron 
and then dried, and a block with a figure cut upon it is then dipped 
in a solution of gallic acid, thickened with a little gum, and pressed 
upon the prepared paper or caUco, the figure cut in the wood will 
appear in black upon the impressed paper or cloth. With little in- 
genuity, and at a very slight oxpenRCj a variety of experiments may 
he peribrmod before a class, which could not fail to impress upon 
them the importance of understanding the chemistry of vegetable 
products in order to apply them successfully to the art of calico 
printing. In fact, no department of human industry has more 
profited by the study of chemistry than that of dyeing and calico 
printing. 

You will see from this example that yon may teach some pari"4 of 
economic botany either with tbc chemisti-y of plants, or yon may 
give it a separate place in your lesaons ; but you must recollect tbut 
economic botany is the application of all we know of plants by the 
study of them in a scientilic maniiei', t<i the explanation and illustra- 
tion of their uses to man. As an example of a kind illustrating 
the use of other knowledge besides that of chemistry, although here 
we shall find chemistry is of great importance, let us take for a 
lesson the great staple of the chief branch of our manufacturing 
industry, cotton. 

The cotton-wool which is imported so largely into this country 
differs from other tibroua mat-erials employed in the manufacture of 
textile fabrics, in being composed of cellular tissue. Tlio fibi^ea of 
linen, hemp, jute, l^ew Zealand flax, and cocoa-nut fibre, are all 
extensively employed for the manufacture of textile fabrics, but differ 
from cotton in being composed of vascular tissue. The fabrics tbey 
form ai'e generally stronger than those made from cotton. At first 
Bight, and looking at the matter from a botanical point of view, 
it might be thought impossible to manufacture cellular tissue into a 
web or piece of cloth. But the po8sil>ility of doing this arises from 
the fact that every part of the plant is clothed with cellular tissue 
forming the epidermis, or external cellular memhraue covering the 
bark, leaves, and other parts of plants. This epidermis produces from 
its surface little projections, which according to their density and form 
are called warts, prickles , or liairs . Thc.ye projections or appendages, 
as they are called, are entirely composed of cells ; in the hairs the 
cell.'^ are arranged one above the other so as to produce long soft 
bodies, which are found covering the epidermis of various parts of 
plants, and giving them frequently a characteristic appearance. It is 
not, however, the external liairs of plants that can be used for weaving. 
None of them with which we are aecpiaintcd c^an he twisted to- 
gether so as to form a thread. It is the peculiarity of the genus 
of plants from which cotton is procured that the epidermal covering 
of the seeds produces hairs. These hairs are enclosed in the capsular 
fruity and from this circumstance it would appear that the hair 
acquires the peculiar property of forming a thread by twisting. 

The structure of a cotton hair is an interesting and instructivo 
study for a class, not only economically hut also histologically. It 
cannot, however, be stntlied with the naked eye, and the aid of a 
magnifying glass or microscope should be called in. As the use of 
this instrument is so important in tbe study of plants, I take this 
opportuniry of saying a few words on the subject. It will be foimd 
always convenient when examining the structure of the flowers aod 
leaves of plants for the pupil to have a hand magnifying glass. Some 



of the simpler forms of magnifying glaasea may be bought for a few 
pence. These may be attached to and mad© moveable on a shaft 
tixed in a block of wood, as in the case of the lens oxhibited by the late 
Professor Hen^low, in the educational department of this Museiim ; 
the object of fixing tho lens being the freedom given to both 
hands for fche purpose of dissecting the parts of a plant. Many of 
the common hand glasses are sold with two or three lenses of diifo- 
rent powers, and are made so that they may be eithei' nsed sepai'ately 
or attached to a stand. Such lenses become then in effect a simple 
microscope. Simple microscopes fitted up witli two or three lenses, 
a reflector, and moveable stage, with other apparatus, may be bought 
for a few shiUings. Tbiw is the case with the Society of Arts' simplo 
microscope. 

In making careful examination of the minute tissuea of plants, it 
will be found necessary to uso the compound achromatic micro- 
scope. It would he too much to expect that every pupil in a 
botanical class should possess a compound microscope ; but the 
teacher should possess one, and the pupil should be encouraged to 
use it, and all objects that cannot be seen with the naked eye or 
hand glass should be submitted to his attention with its aid^ The 
Society of Arts' priise microscope, made by Field of Birmingham, 
oosti? but three guineas, whilst Messrs. Smith and Reck have jnst 
produced a very efficient instrument at the price of five guineas. 
Other makers sell instruments equally low in price, and very well 
adapted for use in botanical classes. 

To return, then, to the cotton hair, its structure cannot be properly 
understood with on t examination under the microscope. If we tako 
a cotton seed, and specimens of this kind should always be kept by 
the teacher for the purpose of examination, and examine it under a 
half-inch lens, it wall be found covered with hairs. In some species 
of cotton plant a fine down will bo found closely attached to the 
testa of tho seed, whilst rising above this will be found the hairs 
which form the cotton of commerce. On examining one of these 
with a higher power it will look as if it were composed of two 
delicate transparent tubes, the one twisted round the other. It is 
only by studying the history of the hair that an explanation of this 
appearance will be discovered. In the downy hairs upon the snrfiice 
no Buch double tubing is observed. They are simple hollow tubes 
like those on the suiface of ordinary plants. The appearance of the 
double tube is apparently produced by the collapsing of the original 
tube of the hair, and the twisted character of these collapsed hatra 
is produced by their pressure one against ihe other and the sides of 
the fruit in which they arc enveloped. Attention should be called 
to this inter cfiting structure of the cotton hair, as it is undoubtedly 
this irregularity of the surface which gives it the pewer it possesses 
of combining with and adhering to other hairs and thufej forming 
the thread which renders it so useful to man. 

The hair of the cotton may be conveniently compared with that of 
the bombax, or the cotton grass, or the poplar, for the purpose of 
explaining the diflerence between them. In this examination of the 
cotton, those qualities should he pointed out which constitute the 
different value of cotton in the markets. The three gi^and qualitioa 
for which cotton is valued is the length, strength, and silkiness of 
the fibres. The various cottons brought into the market differ hi 
these rcspecl/S, and what constitutes the value of the sea island 
cotton of Amenea is tho combination of these three qualities. In 
ihe cotton market hairs are dressed so ag to exhibit the length at a 



glonoe. Swjti specimens may be easily procured void exMbited to 
Qt class. 

Specuneiis of cotton wool, os imported, may be easily procured, 
and attention may then be di'awn to the procejsscs by which the 
cotton is prepai'cd for the market. One of tho great recom- 
mendations of American cotton, oven where its staple is short, a*t ia 
the case with the cottons grown away from the aoa shore, Is the care 
with which it is cleansed from all impuritie.^i before it comes into the 
markets. Ono of the ^eat drawbacks on the value of Indian cotton 
generally is that it is sent into tho markets mixed with portions of 
the bnflk and seed, often causing a loss to the mannfactiirer of fnmx 
20 to 25 per cent. 

The &tTnctnre and qualities of the hair having beeti thus ex- 
ami nod, a short account may be given by the teacher of tho pro- 
cesses it goes through in its ma.nufacture. In all tho oporationji 
through which the cotton passes, the one great oViject to bo attained 
will be seen to be the placing the fibres parallrl with oiKih other, bo 
that eventually thev may bo pressed and twisted together into the 
form of a strong thread. Tnis is the cotton ppinners' art. The 
threads are afterwards woven into calicoes, muslins, lac^, stockitiLr , 
&o* A very instructive series of specimens illustrating the varit in s 
of cottouj with the various processes of manufacture, is exhibited in 
tho educational department of the South Kensnigton Museum by the 
Manchester Cotton Supply Association, 

From the first great uses of the cotton hair, att<^ntion should be 
drawn to some of its secondary uses arising out of tho study of its 
chemical properties. Cotton, like all ether vegetable tissues, is com- 
posed of cellulose. This substance, like many of its allied products, 
undergoes a variety of chemical changes when acted on hy other 
bodies. One of the most interesting of these is the production of an 
inflammable and exjilosive compound when it is Rubmitted t<3 the 
action of sulphuric and nitric acids. This change i^ much moro 
easily efiected in the cotton hair than in other parts of the plant. Wo 
are indebted to S eh onho in, a Swiss chemist, for the discovery of the 
process by which this change is effected. The nature of the change 

{produced in the cellulose may be easily explained to a class which 
ms acquired the rudiments of chemistry. Tho hydrogen of tho 
cellulose, during the soaking of the cotton hair in the acids, is 
removed, and nitrous acid, a compound containing a large quantity of 
oxygen, takes its phice. Wq have thus formed a compound which, 
like our gunpowders, contains an immense supply of oxygen for 
the combustion of its carbon. WTien made from tho cotton hair it is 
called " gim ootton.*' Any form of oelMoae may thus be made into 
an explosive compotmd. 

After this substance, which is chemically called pyroxylin, has 
been studied, it will be proiitiiblo to pursue it a little further, as 
showing how a study of the chemical properties of substances may 
lead to unlooked for beneficial results. 

Pyroxylin, remarkable for its insolubility and iudestructibility in 
water and alcohol, is soluble in ether. It then forms collodion, a 
substance which when applied to the surface of any body in the air 
speedily gives off its ether and leoives a delicate layer of transparent 
pyroxylin behind. It would be going too faj- in one lesson to de • 
aeribe the uses to which collodion is applied, but it may ho remai'ked 
that the apphcatioii of this substance to the art f>f photography is an 
apt illustration of the coimexJon that exists between tho discoveries 
of science and the practical arte of life. 
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In teaching the application of scientific facts to the practical busi- 
ness of life, every line of inquiry should be pursued that the pupil 
18 capable of understanding. Tlius, still pursuing our lesson on the 
uses of cotton* the action of caustic soda in reducing itB bulk with- 
out diminishing its strength may he referred to. Specimens of 
cotton, before and after immersion, may be easily shown to a class, 
atid tbo practical use of this process in the manufacture of cheap 
Bto(^kitigs may he explained. Ootton thus treated may be placed 
under the TOici'Of?copo, when it will be found to ha^^e lost ita flat and 
twisted character, and to have assumed the tabular nppcaraTJce of 
the young hair. A curious result of this process, which ought to 
bo metitioned as showing how one circumsfcance affects another in 
the liistory of the materials of our raauufacturcs, is the change of 
relation to dyeing materials which the cotton has undergone by this 
process. The cotton hair changed by soda is much more easily 
dyed, and receives much more readily bright coloiu's than when in 
its unchanged state, Eveiy fiict of this kind is of importance in the 
art of dyeing the materials of which our textile fabrics are made. 
It is for the want of more accurate habits of obsenration, and more 
precise sci entire information, that in bo many departments of in- 
dmstry our countrymen are behind those of the continent. But 
overyTrherc amongst the most skilful workers there is room for the 
introduction of great improvement by more exact knowledge of the 
nature of the materials which are manufactured. 

The nature of the stibstanc© used having been examined in its 
physical and chemical propertiesj and its uses inculcated, the 
next inquiry that ought to be made is as to the nature of the plant 
or plants "which produce it, and tho relation it liears to other plants. 
In other words the species, genus, and natural order of the plant 
ehoidd he brought before the class. Supposing then that we pursue 
the history of the cotton hair ; the next subject to which the attention 
of the class may be drawn, is the natural order to which the plants 
yielding the cotton hair belong. In this case we have a British 
order to deal with, and Bupijosing the class has already gone through 
a series of lessons on systematic botany, it will not be difficult to 
impress on their minds the characters of this natural order, and to 
bring before them the plants with which it is associated. Fresh 
specimens, if possible, of the British species belonging to the natural 
order Malvaceae, should be distributed. If fresh specimens are not 
to he hadj dried specimens from a bortus siccus, or good drawings 
of the order, should be exhibited. Neither fresh specimens nor dried 
ones of the cotton plant are likely to be had, for, dependent as British 
industry is on the cotton plant, but few jjersons think it worth while 
to bring them over to this country, or to possess them. In the 
absence of these, diagrams must be employed. The specimens and 
diagi'ama having been arranged, the characters of the order should 
be refeiTcd to. The exogenous character of the plant should bo 
explained. The exogenous stiaictinre of the stem, the netted ribs of 
the leaves, tbo cpiaternary or quinary arrangement of the flowers, and 
the dicotyledonous character of the embryo, sbonld be demonstrated. 
Then should follow the position and character of the order. The 
poly])etalous structure of the corolla, the hjrpogynona nature of the 
stamens, and the superior fruit, should also receive a passing notice, 
MVq then come to the special characteristics of the order, and here the 
vtilvato and twisted character of tbo aestivation should first be ex- 
phdned. Then next in importance follows the monadelpboua struc- 
tures of the stamens, the curved embryo with twisted or double 
cotyledons, and the altemata Btipulate leaves ; ail these points of stiiic- 



turo may be demonBtrated on the common mallow (Malva), tlie marfek 
mallow (AlthoEa)t or the tree mallow {Lacatera), TIao dietinetions 
between these three British gencrn may be pointed out- They have all 
a double calyx, but the first has its outer sepals 3-leaved, the second 
hiis the outer series cut into from six to nine diirisione, whilst the 
tliii'd has its outer whorl 3-lobed. The genus to wbich the cotton 
plants belong is called Oossifpinm, In this genus the outer wborl of 
parts called a double caljrx in the other genera, is more leafy, 
lioncc those parts are called bracts^ and the genus is dietingnisbed 
by "* three leafy briwits," Att'entiun should ttlso be especially called 
to the coudition of the seeds in tliia order. In all the other genera 
they are Hmooth; in the case of the geuus Gossypinm they aro 
covered with hairs. These hairs are the economical produce of 
which we have been s]ieaking* They are brought t^o ua from various 
parts of the world, and are produced by ditterent species of this genus. 

I do not think it at all advisable to raise the question of species 
or varieties in a junior clasti. 1 think for these wo must accept 
species as they are described by the most competent botanical 
autboriticB, The next step, then, in our lesaon should bo to describe 
the reputed species from which our cotton hairs are ohtainod. The 
species most easily recognised, and which are reputed to yield 
the various kinds of cotton found in the markets of Europe arc 
three, viz., Gossypiuvi he^'haceum^ 0. Barhcidcnsef and ii. I\^ruvia* 
num. It is true, you may have some ditficulty iu getting these 
species deiiued for your own use. Dr. Lindley, in his " Economic 
Botauy," describes ouly one specicB of Gossypium, 6^ herhaceum, 
autl names another G. BarhadonifG. Dr. lloyle, in bia work "On 
the culture and commerce of cotton in India and elsewhere,** 
describes these and several other species. In his '* Botany of the 
Himalaya'* he gives a drawing of G. hrhauvm. In the English 
Cyclopajdia you will find a representation of G. Barhndense. In 
Mr. Arcber^s work on pojjular Economic Botany the three species 
named are also described. From these sources you will find 
that 6rO<?*'r/pnim h&rhaceuiii \^ identical with G. ludi^uTth; that it is* 
an herbaceous plnnt, rising from eighteen inches to two feet in 
height during the first year of its growth ; that it is miually cut down 
animally, but if allowed to grow the plaut att>ains a height of five 
or six feet» and its hranches become more w^oody. The younger 
parts of the stem, as well as the leaves and leaf-Btalk, are covered 
with hairs. The flowers are of a lively yellow colour aud marked 
with dark tipots. The stnmens form a conspicuous colmim in the 
interior of the flower, and the Howler is succeeded by a fruit which 
gradually becomes dry, and then bursts into three or lour valves, 
when the cotton wool iB seen bursting from the capsular fruit in all 
directions, When the long hairs are cleared from the seeds, there 
will be found upon them a downy suhstance, which consists of 
minute hairs. It is worthy of notice hero that cotton is often 
brought into the markets of a yell»«w colour, and it has been sup* 
posed that this kind of hair is produced by a particular Kpecies, 
which has been named G, rdiijiosum ; but it is probable that this 
plant is only a variety of G. Iimha^enrn^ and Dt. Hoyle says that 
several species of Gossypinm have a tendency to produce tawny 
cotton. 

A second epccics of 6os8yi*iuvi> i.s the fr. Barhadmrse. It is a 
perennial plant, and has a shrubby stem from pix to fifteen feet in 
height. The leaves are covered with short Inim, etJpeeiaUy on tho 
under smfaco. The petals arc yellow, and iiave a dark spot at their 
base. Tho fi-uit is capsular, the seeds covered with hairs, but they 
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are amootli ami black, and not coTered with Iiair on tho surface aa 
the preceding species. This plant produces the long-haired cuttons, 
especially that known by the name of Sea Island cotton l>rou]f^ht 
from America. It also produces the shorter cotton from America, 
known by the name of Bowed cotton. The plants which produce 
this short-stapled cotton is more hairy than that which produces tho 
long Sea Island cotton ; hence it has been supposed to be another 
gpeoies, and is called G. hirsntiim. 

The third species is Oossypiuni Fervvmnum. It yields the cott-onii 
from South America, Tiotanicallj it diffi>r3 from tho otliers in tho 
peculiar maimer in whicb tjhe seeds adhere together in a kidney- 
shaped mass. Its tlowera Eire yellow and the seeds are black. 

Now these are the three species of cotton plant which yield tho 
cotton of commerce ; and when tht^ir principal distinctions have been 
studied and acquired, their geographical distribution should bo 
Ktudied. For this purpose the teacher should be able to refer to a 
good map of the world, and many Buch are published for educational 
purposes. It should be first obseiTed that the cotton plants are 
natives of tropical and subtropical regions in both the old and tho 
new worlds. They are plants which require for the porfectiug their 
fruits and seeds both boat and light. Gossj/primi herhaceum, or tho 
Indian cotton, is & native of Hinclostan; it is also fonud in China^ 
and the Mala3^an peninsula, aud is probably the species which is 
found native in Afrit^a. The staple of this cotton is short, but it is 
strong ; and one of the great drawbacks on its use In the raanui\ictures 
of Europe is the defective way in which it is cleansed for the market. 

Gossifpimn Barhadenset the Baurbon, Barl>adoes, West India, or 
Sea Island cotton plant, is tho cotton plant of America. It is culti- 
vated in the West India islands, and appears to bo a native of that 
part of the world. It was introduced into the Bahamas, from whenco 
it was transplanted to Georgia and tViO other Southern States of 
America. It is in the group of islands which fringe the shores of 
Georgia from Charleston to Savanna that it produces the fhie long- 
stapled Sea Island cotton. It also produces the shorter*stapled 
cottons of the United States. It does not succeed when ti^anspl anted 
to those soils of India which produce the best cott<^>n from the O. her^ 
haceum. It has, however, been successfully cultivated in Egypt, 
from whence supplies of a very fino long-stapled cotton have reached 
our markets. It has also been planted on the coast of Africai' 
Australia, and the islands of the Grecian Archipelago. 

Tbe third species of cotttni, Q. Fcrnviaiiumf is a native of the con- 
tment of America. It is iudigonous in Peru and Mexico, and was 
used by the natives of those connlnes when couquered by Piznrro 
and Cortes. This plant jdclds the cottons known by the nanif s of 
Maranhum atid Pcruambuco. There is a considera1>le supply of 
the cotton yielded by this species, which is increasing from 3'ear 
to year. 

The culture of plants is Gsscntially connected with their geogra- 
phical distribution ; and a lesson on economic botany would he 
imperfect unless this subject were alluded to. We are not in a. 
position to speak decidedly of all the circumstances that influence 
the production of the best kinds of cotton; but it should be recol- 
lected that one of the most important branches of knowledge for 
those engaged in the cultivation of plants for dietetieal and manu- 
facturing purposes is the nature of the circumstances that influence 
tho abuntfance of the produce for which any particular plant is 
grown, Tlais subject has recently received great attention from the 
chemist and physiologist, and great advances have been made in our 
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knowledge of tlie conditions which influence the §frowth of our oom- 
mon agricultural plants. 

In addition to the heat and light of tropical and 6nbtropic»'il suns 
a, certain amount of moiftture iu the atmosphere seems essential to 
the production of the best cotton. The humid atinosphero that 
prevails along the coasts of Georgia is imdoubt<3dly ouo of the 
elements of the production of the hue cotton hairs for which this 
part of the world is remarktible. 

The physical atructaro and chemical composition of tho soil is 
always an element iriJlucncing the growth of plants. As far aa 
chemical analysiB has gone, it appeal's that there is considerable 
diffcronco between the soils of India, on which the fJ. herhaceiim 
growHj and those of Am.erica, on which tho Sea Island cotton is 
produced. This will probably account for the fact that the American 
plant will not succeed on the Indian soil, nor will the Indian plant 
grow on the American soil. 

The recent researches of Dr. Mallett on the cotton eoiU of Ame- 
rica, communicated to the Koyal Society, have thrown much light 
on the nature of tho soil which produces tho short.»st4ipled Amoricau 
cotton. Ay all such researches should if possible be mastered by a 
teacher and communicated to his class, I do not hesitate to give 
you the results of Dr. Mfillett'a experiments. He shows, from most 
copious and oarcfvil physical and chemical examination, that the soil 
iu which the American cotton plant prospers mfiy bo regarded as a 
stiff aluminous clay, with only a moderate proportion, from fclirco to 
five per eent., of organic matter. The mineral ingredients of the 
soil ai'e numerous, and in the absence of accurate analyses of tho 
cotton plant, he infers, that those mineral ingredieat^s are what tho 
plant requires, I would ju.st remark, that the atialy.sis of the ashes 
of the cotton plant is hardly suflicient for the purpose of ascer- 
taining the relation between the soil and the production of cotton. 
It is most probable that tho excellence of the cotton hair may 
depend on the iutegrity of the leaves, or bark, or stem, and which 
may require an entirely ditterent set of inorganic ingredients for 
their welfare to those required by the hair, 1 may remark that 
with regard to its composition, we are in the same position in rela- 
tion to the cotton jtlant that wo are with so many of our important 
economical plants, that we know too little of their ultimate com- 
position to speak positively with regard to the saline oonstitnonts of 
the soils in which thoy will prosper beat. 

Dr. Mallett's researches are more sabisfact-ory on the physical 
properties of the cotton soil, and I may say that I do not know of 
any researches which arc so complete on this sulrject ari those of 
Dr, Mallett, He observes that there is one physical condition of tho 
soil which seems to be of great importance, and that is tho fineness 
of the division of the matter of the soil. This, combined with its 
other physical and chemical properties, gives it a great power, first 
of absorbing, and secondly of retaining heat. To plants like the 
species of Gossypium there can be little doubt of the impoi*tjince of 
this element. In the next place, this soil has a groat power of 
taking up moisture, and not only of taking it up but of retaining it. 
This is a point also of great importance ; and it would also appear 
that a soil having a great power of retaining moisture niakc^: up to 
the plant for any natural deficiency there may be of inoist^ire in 
the atmosphere. This soil is found to have tho same great power 
uf ab.sorbing and retaining gases that it has of exerting the same 
influence on water and heat. The power possessed iu this respect 
by the American soils examined by Dr. Mallett ia very rcmarka*ble. 
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Now when we recollect that cotton plants grow very rapidly, and 
produce gocai crops of cotton only under conditions of rapid growth, 
wr? can see the connexion hetween this gas-absorbing power of the 
soil and the goodness of the cotton crop. Cotton plants mainly 
depend for their stmctni'e upon the carbon and oxygen, the nitrogen 
tind hydrogen, contained in carbonic acid and ammoina, and it fol- 
JowB, as a natiu'Eil conj^equence of our knowledge of this fact, that 
the more abundantly these constituents of the atmotipboro are 
Bnpplied to the plant by the absorptive character of the Koil, tho 
more likely it is that they should flourish. But this is not the 
whole of the lesson to be leamt by this instrnctivo contribution 
to science by Dr* Maliett, He found also tliat this soil was remark- 
aldy retentive of those sohihle mineral salts which would be likely 
tu be required by the cotton phmt. 

[ have given j^on these details to show you of what practical vain o 
our stn(.lies are. The proEperity of nations, the happiness of the 
Imman family, the possibility of moral and intellectual develop- 
ment depend on the study of those laws by which the Creator has 
inade the forces nf nature subservieut to the mind and will of man, 
Abiiudantl}'^ as we may be provided with the means of subsistence, 
if overt left to our brute iuBtincte, it is only as wo got to use onr in- 
teUcctual puwers upon tlie properties and forces of matter that wo 
can raise oni'selves to that highest destiny which is clearly fore- 
shadowed in the future of man. 

But hero my directions in teaching economic botany must end, as 
I want to say before concluding a few words on the practical teach- 
ing of systematic botany. On this subject you may impart a good 
deal of information, eapeeially with regard to the natural orders, by 
exhihiting a specimen or two of each natural family, with a good 
diagram, and dwelling on the disfcingiiishing points in the structure 
of the family, antl connecting the properties of the family with its 
structuie. But you should do something more than this. The 
classes, orders, and genera of plants are formed out of the species, 
and I think you should encourage your pupils to study species 
thorougldy. It may be slow work, but it is sure, and a knowledge 
of a few orders, founded on an intimate acquaintance with specific 
characters, is better than a wider knowledge of orders with no defi- 
nite ideas of the structure of species. ^Mien your pupil has ac- 
quired a knowledge of the ]>rincipal ixjints in the structure of a plant 
he will be prepared to enter upon the stndy of classification. Now, 
1 think this should never be attempted without fresh specimens, and 
over}' pupil in the class should be supplied with a s]>ecimen. Where 
it is ibund ]iOssible, I think it is better to have tivo, three, or even 
more species of an order than one, as it enables the teacher to point 
to the difterences which exist between closely allied forms. 1 will 
now, however, snppoise that you have got but one plant, antl we will 
BUppDse, for that is a very common plant at the bcginiUTig of the 
season, that it is the white dead nettle (Lamiwm alhuvi). Kow your 
pnpils will not need to be told that this is an exogenous plant, nor 
that it has an irregular monopctalous flower, and belongs to the 
division CorolliJiora^, of the class Dicotyledones. Yon may, how- 
ever, now di-aw attention to the limited number of orders of mono- 
petalons plants having irregular flowers. If you use a hook I should 
advise you to use either Bahington's or Bentham^s Manuals of the 
British Flora ; you can diaw attention to the moile of amilysing the 
plants there given, eK]K'cially in BenthamV, and then mention the 
names of Scrophulariacea?, Yerbenaceaj, and OrohanchaceoB, as plants 
having a superior ovary, and otiier characters resembling the order 
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Lamiacere, to wbicli the plants in their hands belong. Attention may 
he then dmwii to further details in the Btructure of the Lamiaceoua 
plant. The stamens are attached to the corolla; they are i'oiu* in 
number, two are short and two are long. These are character a it has 
in common with the Scrophtilariaceie. Attention should now bo drawn 
to the pistil, when it will be found that the ovary is four-iobed, 
which aiatinguishoH the Lamiaceas irom the Scropimlaria<'eEe. In 
this way the plant is found to belong to the dead-nettle family. 

The making out the genus of the plant is not quite bo easy, hut 
still it ought to be discovered in a systematic manner, and not by the 
slov^enly way of recognizing it Ijy some superficial characters. The 
British species of the family Lamiaeefe is divided into eight tribes. 
If we thread our way through those tribes we i^hall find our plant 
btilonga to the tribe Stachydeae, which is characterized by tbe stamens 
approaching and standing parallel under the upper lip of the 
corolla, the pair inferior being longest ; wliilst the calyx is tiihu* 
lar» bell-shaped, and spreading in fruit- Now in this group the 
hortihound {MarruhLurd) is alone distinguished by the stamens being 
included in the tube of the corolla. Now amougst the genera in 
which the stamens are not thus included we shall liml Lamluai, which 
has its atithers bursting longitudinally, and the upper lip of the co- 
rolla arched, the lateral lobes of the lower lip redvicod to a ismall lip- 
tootlu and the anthers linear. The genus of our plant having been 
eBtablished as Lamtum^ we have next ti:> look to the species. Here the 
white fluwers at once give us the specific distinction, and onr plant is 
now discovered to he the Lamlum album. Although this is the most 
obvious character it will be discovered in reading oyer the descrip- 
tion of the species in Babington*s manual that Ujo moat reliable 
distinction of the species amiiiigst its neighbours is that the lube 
of the corolla Jia^ an oblique rlmj of haira vuthln. 

If the process which I have here sket<'lied out is carefully gone 
over you cannot fail U> see how large a quantity of knowledge is 
communicated to tlie pupih You may have made a "V'-ery pleasant 
excursion ; and if you have time I fcihould recommend you by all 
means to do tliis, and give jonr pupil the names of fifty plant** ; 
bub in going over a lesson in the way I have pointed out, you will 
have given more botaiucal information than if you had merely 
namea a hundred plants. 

I cannot now extend these observations on this part of our suhject, 
but I cannot too strongly urge upon you the necessity of securing 
accurate observation upon the structure of plants. I have supposed 
you have had but one plant on which to fix attention in the above 
lesson, but when it is possible I would urge you to have more. 
Taking the above example it would be instructive for you to have 
spt?cimens not only of Lamtnm alhunh, but tkf Lamium ■pur2)i{rcum, 
and L. ampleJiicmtlet of L. Galeohdolou, and of other genera belong- 
ing to the order Lamiaeeaj. 

Brdbre closing my remarks on the subject of teaching systematie 
Ijotfiny, there is another plan which I would advise you to adopt, 
antl which 1 have found of great use in conducting botanical classes, 
and that is the practice of describinL^ plants. Examples of descrip- 
tions of plants for systematic pm^poscs will be fliund in Bahjngton and 
Bentham, but I would encourage longer and more detailed descri]*- 
tions than these. With Mr. E. M. Cookers Manual of Botanical 
Terms in hia hand, or some other work descriptive of terms, the 
pupil should be given plants to describe as an exercise. Such an 
exercise should be combined with the art of illustratiou, and pupils 
that can draw should be encouraged to make dissections of the parts 



T4 



of plants, and to draw them byivay of illustrating tlieir descriptionB. 
Nor do I reconunend tiiia plan on the ground of its being a good 
and wholesome botanical exercise, bnt I reconiniend it as a piece of 
excellent training in any syateni of education. Plants oiler precisely 
those points of etructnre and that facility for examination which 
jnake them a most desii-able subject for the exercise of mental dis- 
cipline. In Buch a process as that I have described the pupil has 
not only his perceptive* puwors developed, but ho becomes acquainted 
with relation! of resemblance and diSerence, which cannot fail to 
exercise a most beneficial inEuence on his mind altogether. It is 
for the want of such a training as this that our artists frequently 
fail to jjroduce coiTectrcaeniblaucesof the vegetation they introduce 
into their pictures ; for it will be found in nine cafiCB out of ten 
where men have not been taught correct views of things that they 
have instinctively adopted incorrect views, and thus the artist con- 
stantly paints what never existed and never could exist in nature. 
This not only applies to plants, but to minerals and imimals, and 
impossible rocks, plants^ and animals are the result in our galleries 
of painting and ai-t. 

There is another branch of botauy to which no reference is mode in 
the directoiy of tbo department^ but which pu^Sflosses so much inteiest 
that I think every teacher should introduce it in his classes where 
he has an opportunity, I refer t4> fossil botany. Plants have a 
distribution in time as well as space, and the relations between 
extinct and recent forms constitute an important branch of study. 
By the investigation of the structure of extinct plants we are en- 
abled to rehabilitate the woi'ld with its old vegetation, and to in- 
dicate in some nieasuro the cnrcnmstances that existed when these 
fossil plants grew. The relation of the coal beds to the industry of 
man, and their formation from a former vegetation, give a high 
interest to the study of fossil botany. In the Museum of Economic 
Greology and in the British Museum fine collections of fossil plants 
exist, where the various species may be studied by the teacher, 
whilst abundance of specimens of the more common forms can he 
easily obtained, so as to make a class acquainted with the structure 
of the principal forms of fossil plants that ai-e characteristic of the 
various epochs of the earth's history.* 

Before concluding I should like to say a few words on the question 
of the cbisses of personig to whom botany should be taught. Much 
might be said in favour of its being generally introduced into all 
courses of education. It is a branch of study so easily pursued, 
and the subjects of it arc so easily obtained, that it might bo 
defended as the l>ranch of natnrul history which should he taught, 
where only one branch could be intiuuuced. But I have in my 
previous lecture referred to this subject^ and there are special cbisses 
in the communit}'' to whom botanical knoi^ledgc is of importance, 
and to whom a knowledge of its facts and principles would bo of 
especial sei'vice in their occupations. 

At the examination of pupils in May last I was glad to know that 
amongst the candidates was a class of gardeners. Kow I think yon 
will all admit that if any persons have opportunities of studying 
plants greater than others it must be those whose daily occupations 
are connected with the culture and rearing of phmts. It might at 
first sight be thought unnecessary to teach gardeners botany, 
and that in the course of their avocations they would naturally 
become botanists. This is not my experience, and I believe those 
who know gardeners best will confirm me in saying that there is 
amongst them a wide field for the cultivation of a taste for the 
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systematio and scientific study of botany. I need hardly etop ^to 
dwell on the fact, tliat in all the operations of the gaidener scienfcifec 
principles aro involved which the bett^sr ho tmderstandss the more 
•likely will he bo to succeed in the great objects of his occupation. 
The preparation and mixing of soils for the growth of various kinds 
of plants must be greatly facilitated by a knowledge of the physical 
properties and the chemical composition of soils. Different iDlants 
■flonrish under different cli'cumstances, and it is only as the habits 
of a plant ai'e intelligently studied that the right circumstances 
for their ai-tificial culture will be tally understood. All the various 
gardening operations, such as the potting, grafting, training, trans- 
planting, and pruning of pkuits depeud on the laws which regulate 
the life of the plant, and the better these laws are understood 
the more certainly will they ho properly ])crformed. Just as the 
surgeon, who deals with living bodies, is fitted for the exercise 
of kis art by the study of anatomy and physiology of the human 
body, BO the gardener would bo fitted for his duties by the study of 
the structure and physiology of plants. In those processes w^hich 
involve the production of new varieties of plants in order to secure 
a greater variety, and alt^o improvements in the kinds of flowers and 
fi'uits, by the introduction of the pollen of the one species or variety 
to the pistil of another, a thorough knowledge of the nature of 
ithe facts of impregnation becomes oasential to the skilful and intelli- 
gent execution of these delicate operafciong. A knowledge of 
classification is also essential to enable the gardener to communicate 
the knowledge of plants he possesses. Unless he knows the nature 
of classes and orders, the distinctions of genera^ and the characters 
of species, he is constantly liable to make the moat absurd mistakes. 
Every gardener should be abk to write down intelligibly the natural 
order, genus, and .species of the plants most commonly cultivated 
in gardens. He should also know from what countries they come, 
and to what uses they or their congeners are applied. I know that 
many gardeners have by dint of perseverance and self- education 
accomplished all and more for themselves than I have here contem- 
plated, but it is not so amongst tho great mass of them. An oppor- 
tunity is now offered them to overcome the deficiencies of their 
early education and to place themselves foremo.st amongst the 
educated and intelligent working men of this country. Let them 
seek for some tetxiher. Let them call upon one of their number to 
get the certificate of the Science and Art Department, and having 
ol)tained an instructor, lot them give up their hour a day to the work 
of instruction, and in the course of a few months they will be able to 
resent themselves here for examination. Having done thus much 

am sure they mil not rest here, but by individual and combined 
efforts they >^^ll continue theii" study of plants, and realize from 
it, both for themselves and their employers, an amount of benefit 
that at the outset they would not dare to have anticipated, 

"VYhat is true of gardeners is also true of those who cultivate the 
soil on a large scale, and the fai-mer and farm-labourer would be the 
better for a knowledge of botany. I know that it i.^ exposing one- 
Hclf to ridicule to ask that a class of men should be taught a branch 
of science, tho great muBS of whom are not yet taught to read, write, 
and cipher. But I know of no valid argument, if you admit that a 
man ought to read, write, and cipher, that would induce you to stop 
there. If a knowledge of the principles and fticts of his ai*t is gooS 
for a surgeon and good for a gardener, it is good for a farmer ; and if 
for a farmer, for a farm-Iabom*er. I say, then, carry this knowledge 
into oar pillages, and where a doaen village boys can be got together 
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in the evening, let tkem study plants. They are auironnded by them, 
every hedge and ditch will furnish them with specimenB for their 
leasonSj and if these are only conducted in a proper way there can be 
but one resulti the elevation of the character of the student, and the 
improvement of Ms faculties as a workman, though the daily routine 
of his life is that of a day-labourer on a farm» To the master farmer 
the proprietor of broad Eieres, the owner of estates, a knowledge of 
botanical ecdence in all its varied applications to the skilful culture of 
planfca, flowers, and trees, is the possession of a gift whereby sterility 
may be converted into abundance, and the ugliness which arises from 
a wasteful and ignorant culture into the beauty that shall charm and 
elevate all who behold it. 

There is another class of persona to whom botany offers a pecu- 
Jiarly profitable field of study, I mean women. The Science and Art 
Department does not c online its certificates or prizes to one sex, and 
I am gljid. to he able to tell you that one of the medals for physiology 
at the last examination of pupils was obtained by a young woman. 
There are difficulties in teaching some of the branches of science to 
yomig women ^ but these do not apply to botany. If there is any- 
thing wanted in the courses of education laid down for the upper 
classes of women at the present day, it is some subject that shall 
develop their powers of observation and give them correct habits of 
of reasoning. The study of the structure of plants seems exceedingly 
well adapted to supply this want» The subjects of botanical study 
can be easily obtained, and it involves no details that are foreign to 
the habits of women, and that could not bo successfully mastered by 
young women of ordinary intelligence. The knowledge obtained is 
not a fruitless knowledge, as it would supply them in all their future 
life with subjects for pletisant contemplation amongst the most 
beautiful objects of creation. If a taste for painting or design has 
been acquired, the accurate knowledge of the structure of plants will 
add greatly to the value of the productions of the pencil or brush. 
It is, however, in connexion with woman as a teacher that the 
acquirement of a sound knowledge of some branch of science 
becomes so important. To woman is intrusted almost universally 
the instruction of the very young. That they should have acquired 
habits of accurate observation and a power of diiitinguishing ditfe- 
rences and recognising resemblances lies at the foundation of a 
successful use of their position as the teachei's of the very 3'^oung, 
It is from this point of view that it seems to me not a matter of 
indiflerence that a branch of study like botany should be omitted in 
the course of instruction friven to the very poorest of our female 
population. The late Professor Hensluw successfully introduced 
the study of botany into the glials' school at Hitcham in Sufiblk» 
These girls were not remarkabrc for therr native intellectual capa- 
city, nor for the superiority of their school in other respects ; but it 
was found that the general effect of the study of botany on the minds 
of these girls was veiy remarkable j aiid so far from the botany 
being found to interfere with their other studies, it exerted an ele- 
vating eflect on all their other piirauits. And practically also it was 
fomid of value ; for when these giids were old enough to go out t-o 
service, it was found that they were especially useful as nursemaids 
on account of the interest they could excite in the minds of their 
young charges on the subject of the weeds and flowora they met 
with in their walks, 

I hope, then, to see young women presenting themselves for 
teachers' certificates in the department of botany. There is at the 
present day a great outcry for employment for women, and one 
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great reason of this outcry, I believe, arises from the thoroughly 
unpractical way in which women are educated. With all the time 
and money that are spent in their education, they learn nothing that 
society wants. Now here seems to be an occupation for some of our 
young gentlewomen who are complaining of want of employment. 
Let them fit themselves for educating pupils in some of the depart- 
ments of science. With regard to botany I think after all there 
would be found a sufficient number of pupils in most of our largo 
towns to afford employment for any young woman who should obtain 
the certificate of the Science and Art Department. 

I cannot conclude my lecture in this place without alluding to the 
^at loss we have all sustained in the death of His Royal Highness the 
Prince Consort. To us who teach and are labouring to spread the bene- 
fits of education, we have lost more than a noble and high-minded 
patron, we have lost a brother worker whose high position gave a dignity 
and an encouragement to our work, and we have reason to mourn for 
him on this account. But I should not have referred to this painful 
event, did I not hope to use it for the welfare of my country and the 
honour of the dead. Let us not then shed tears over his ^ve, and 
erect costly monuments to his memory, without striving to unbibe his 
spirit and live the life of devotion to the spread of knowledge and art 
that characterized his short and noble existence. I believe that we can 
best testify our grief at his loss, our admiration of his spirit and gifts, 
by imitating his example in a self-cultiu*e that left no science imtoudied, 
and in a seff-denial that knew no efforts too great to spread the advan- ' 
tages of knowledge amongst the subjects of his Sovereign, of whom he 
was the most distmguishea. 
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"We have no reason to believe tkat tlie sheep or the dog, or indeed 
any of the h>WLT animala, feel an interestt in the lawa hy which 
natural phenomena are regulated. A herd may he terrilied hy a 
tbnnder-ytorm ; birds may go to roost, and cattle return to their 
Htalla during a solar eclipse ; hut neither birds nor cattle, as far aa 
we know, ever think of inquiring into the causes of these things. 
It is otherwise with man. The presenec of natural objects, the 
occurrence of natural events, the varied appearances of the universe 
in which he dwells, penetrate beyond his organs of sense, iiud appeal 
to an inner power of which the senses ai^e the mere instruments and 
excitants, l^o fact is to him either final or original. He cannot 
limit himself to the contemplation of it alone» but endeavours to 
ascertain its position in a Herici* to which the constitution of his 
Eaind assures him it must belong. He regards all that he witnesses 
in the present as the efflux and sequence of somethinrj^ that has gone 
before, and as the source of a system of events whicli is to follow. 
The notion of spontaniety, by which in his ruder state ho accounted 
for natural events, is abandoned ; the idea that nature is an aggre- 
gate of independent parts also di^ appears, as the connexion and 
mutual dependence of physical powers becomo more and more mani- 
fest : until ho is finally led, and that chiefly by the science of which 
I happen this evening t^o be the exponent, to regard Nature as an 
organic whole, as a body eaeh of whose members sympathizes with 
the rest, changing, it is true, from ages to ages, but without one 
real break of continuity, or a single interruption of the fixed relations 
of cause and effect. 

The system of things which we call Nature is, however, too vast 
and variuns to he studied first-hand liy any single mind. As know- 
ledge extends there is always a tendency to suhdivide the field of in- 
veatigation, its various parts being taken up hy different individuals, 
and thus receiving a greater amount of attention than could possibly 
he bestowed on them if each investigator aimed at the miistery of 
the whole. East, west, north, and south, the human mind pushes its 
conquests ; but the centripetal forni in which knowledge, a^s a whole, 
advances, spreadhig ever wider on all sides, is due in reality to the 
exertions of individuals, eaeh of whom directs his elibrts, more 
or less, along a single line. Accepting, in many respects, his 
culture from his fellow men, taking it from spoken words and 
from written books, in some one direction, the student of nature 
must actually touch his work. He may othenviso bo a distributor 
of knowledge, Ijut not a creator, and fails to attain that vitality 
of thought and correctness of judgment which direct and habitual 
contact with natural truth can alone impart. 

One large department of the system of nature which forms the 
chief subject of my own studies, and to which it is my duty to call 
your attention this evening, is that of physics or natural philosophy. 
This term is large enough to cover the study of nature generally, 
hut it is nsually restricted to a department which, perhaps, lies 
eloBer to our pi-rceptions than any other. It deals with the pheno- 
mena and laws of light and heat — with the phenomena and laws of 
magnetism and electiucity — with those of sound — with tha \rc'£.^^^:L3£^'*. 
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and motions of liquids and gases, wlietlier in a state of translation 
or of imdulatioiK The science of niechanics is a portion of natural 
pliilosopbj^ though at present so large as to need the exclusive 
attention of hiia who would cultivate it profonndly. Astronomy is 
the application of pliysici^ to the iiiotiona of the heavenly bodies, 
the Tastness of the field eausing it, howeA'er, to ho regarded as a 
department in itself. In chemistry physical agents play important 
parts. By heat ive cauj^e l:todies to combine, and by heat we 
decompose them. Electricity tears asunder the locked atoms of 
compounds I the solar beums hnild up the whole vegetable world, 
and by it tlic animal, in virtue of their power of separating 
carbonic acid into its constituGiits ; while the tench of the self same 
bcnms causes hydrogen and chlorine to nnite with Kiulden explosion 
and form by their combinatinn a ]>owerful acid. Thus physics and 
chemistry intermingle^ phvj^ical agents being made use of by the 
chemist as a meaiia to an end ; while in phyaics proper the laws and 
phenomena of the agents themselves, both qualitative and quanti- 
tiitive, are the primary objects of attention. 

Well, my duty here to night is to spend an hour in telling how 
this subject is to be studied, and how a knowledge of it is to be 
imparted to others. Wlieu I was first invited to do this, I hesitated 
liefore accepting the responsibility. I might readily entertain you 
with an account of what natural philosophy has accomplished, 
I might point to those applications of science regarding which we 
hear so much in the newspapers, and which we often see mistaken 
for science itself. I might, of course, ring changes on the steam 
engine and the telegiiijjh, the electrotype and the photography the 
medical ap])lication« of physics, and the million other inlets by 
which scientific thought hlters into practical life. That would be 
easy compared with the task of informing yon how you are to 
make the study of physics the instrument of your own mental 
cnlturOj how you are to possess its facts and make those facts living 
seeds which shall take root and blossom in the mind, and not lie 
like dead lumber in the storehouse of memory. This is a task 
much heavier than the mere cataloguing of scientific achievements ; 
and it is one whichj feeling niy own want of time and power to 
execute it aright, I might well hesitate to accept. 

But let me sudc excuses, and attack the work as best I m&j. 
l^irst and foremost, then, I would advise you to get a knowledge 
of facts from actual observation. Facts looked at directly are 
vital ; when they pass into words half the sap is taken out of them. 
You wish, for example, to get a knowledge of magnetism ; well, 
provide yom's elf with a good book on the subject, if you can, but do 
not be content with what the book tells yon ; do not be satisfied with 
its descriptive woodcuts ; see the actual thing yourself. Half of our 
book writers describe experiments which they never made, and 
their descriptions often lack both force and truth ; but no matter 
how clever or conscientious they may be, their written words cannot 
supply the place of actual observation. Every fact hag numerous 
radiations, which are shorn oft* by the man who describes it. Go, 
then, to a philosophical instrument maker, and give, according to 
your means, for a straight bar-magnet, say, half-a-crowUj or five 
ehillings for a pair of them, if you can afford it ; or get a smith to 
cut a length of ten inches from a bar of steel an inch wide and half 
an inch thick ; file its ends decently^ harden it, and get somebody 
like myself to magnetize it. Two bar-magnets are better than one. 
Procure some darning needles \ here, you see, I have such. Pro- 
vide yourself also with a little unspun silk ; this will give you a 
suspending fibre void of torsion i m^^ a little loop of paper or of 
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wires, tlms, and attacli yaur fibre to it. Do it neatly* In the loop 
place your darning needle^ and bring the two ends or poles, as they 
are called, of your magnet anccessively up to either end of the 
needle, Both the poles, you find, attniet both ends of tho needle. 
Bepla-ce tho needle by a liit of annealed iron wiro, the same oflccta 
ensue. Suspend successively little rods of lead, copper, silver, or 
brass, of wood, glass, ivory, or whalebone ; the magnet produces 
no Bensible effect upon any of these substances. You thence infer 
a special property in the case of steel and iron. Multiply your 
experiments, however, and you will find that some other substances 
besides iron arc acted upon by your magnet. A rod of the metal 
nickel, or of the metal cohalt from whieh the hluG colour used by 
painters is derived, exhibits powers similar to those observed with 
the irou and steel. 

In studying the cliaracfccr of the force yon may» however, confino 
yourself to iron and steel, which are ulways at hand* Make your 
experiments with the diiniing needle over and over again ; opuntto 
on both ends of the needle ; try both end:^ of the magnet. Do not 
think the work stupid ; you are conversing with Nature, and must 
acquire a certain grace atid mastery over her language ; and these 
praetice can alone imjiart. Let every movement be made with oare, 
and avoid slovenliness from the outset. In every one of your ex- 
periments endeavour to feel the reaponsil>ility of a moral agent, 
Experiment, as I have said, is the language by which we addresB 
Nature, and through which i?ho senda her replies ; and in the use of 
this language a lack of straight forwardness is as possible and pro- 
judiciiil as in. the spoken languag^e of tho tongue* If you wish to 
become acquainted with the truth of Nature you muat from tho first 
resolve to deal with her buncercly. 

Now remove your needle from its loop, and draw it from end to 
end along one of the ends of the magnet ; resuspend it, and rejjeat 
your former experiment. You find the result dilTeront. You now 
find that each extremity of the magnet attracts one end of the needle, 
and rcj>el9 tho other* Tho .sim})le attraction observed in tho lirst 
inntance is now replaced by a dual force. Kepeat the exporimcnl 
till you have thoroughly observed the ends which attract and those 
whicli repel eacb other. 

Withdraw the magnet; entirely from tho vicinity of your needle, 
and leave the latter freely suspended by its fibre. Shelter it as well 
as you can from currents of air, and if you have iron buttons ou 
your coat or a steel penknife in your pocket, beware of their action. 
If you work at night, heware of iron candlesticks, or of brass ones 
with iron rod.-i inside* Freed from such disturbances, the needle 
takes up a certam determinate position. It sets its length nearly 
north and south. Draw it aside from this position and let it go. 
After several oscillations it will again come to it. If you have 
obtained your magnet fron^ a philosophical instrument maker, you 
will see a mark on one of its ends. Supposing, then, that you drew 
youj* needle along the end thus marked, and that the eye-end of your 
needle was the last to quit the magnet, you will find that the eye tm-ns 
to the south, the point of tho needle turning towards the north. 
Make sure of this, and do not take this statement on my authority. 

Now take a second darning needle like the first, and magnetize it 
in precisely tho same maimer : freely suspended it also will turn its 
point to the north and its eyo to tho aoutli. Your next step is to 
examines the action of the two needles which you have thua mag- 
netized npon each other* 

Take one of them in 3'our hand, and leave the other suspended; 
bring tho eye end of the former near the eye end of the latter \ ih^ 



snsppiided needle retreats : it is repelled. Make tlie same experi- 
ment with the two points, you obtain th^ samL^ result, the suspended 
needle is repelled. Kow cause the dissimilar ends to act on each 
other — you have attraction^point attracts eye and eye attracts point. 
Prove the reciprocity of this action by removing the Ruspended 
needle I and putting the other in its place. You obtain the same 
result. The attraction, then, \3 mutual, and the repulsion is mutnal» 
and you have thus demonstrated in the eleare^t manner the i'uiida- 
mental law of magnetism, that like poles, a.s the ends are termed^ 
repel, and unlike poles attract each other. You may Kay that this 
is all easil}^ understood without doing ; but do it, and y out knowledge 
will not be eonfi7icd to what 1 have uttered here. 

I have said that one end of your magnet has a mark upon it ; lay 
several silk fibres together^ so as to get sufficient strength, and form 
a loop large enough to hold your magnet. Susjiend it; it turns its 
marked end towards the north. This marktnl end is that which in 
Enjrland is called the north polo. If tho Bmith has made your 
mngnet it will be convenient to determine its north pole yourself, 
and to mark it with a tile. Y'^ou vary your experiments by causing 
your magnetiiied darning needle to attract and repel your large 
magnet : it is cpiite competent to do so. In magnetizing the needle, 
I have supposed the eye to be the last to quit the marktrd end of the 
magnet; that end of the needle is a ^onth pole. The end which last 
quits tho magnet is always opposed in polarity to the end of the 
magnet with which it has been m contact. Brought near each other 
they mutually atti*act, and thus demonstrato that they are unlike 
poles. 

Ton may perhaps learn all this in a single hour ; but spend several 
at it, if necessary j and remember understanding it is not sufficient : 
you must obtain a manual aptitude in addressing l\ature. If you 
ypeak to your fellow man you are not entitled to use jargon. Bad 
experiments are jargon addressed to Nature, and just as much to be 
deprecated. A manual dexterity in illustrating the interaction of 
magnetic poles is of tho utmo^st importanee at this stage of your 
progress -, and yon must not neglect attaming this power over your 
implements. As you proceed, moreover, you will Vie tempted to do 
more than I can pos.sibly suggest. Thoughts will occur to yon 
which you w ill endeavour to follow out ; questions^ will arise which 
you will try to answer. Tlie same experiment maj' be twenty 
things to twenty people. Havi:)g witnessed the action of pole on 
polo through the air, you will perhaps try whether the magnetic 
power is not to be screened olh You use plates of glass, wood, 
slate, pasteboard, or gutta-percha, but find then:i all pervious to this 
wondrous force. One pole acts upon another throngli these bodies 
sensibly, as if they were not present. And should you become a 
patentee for the regulation of chips' compasses, you will not fall, as 
some have done, into the stupid error of screening oft' the magnetism 
of the ship by the interposition of such subsfeinces. 

If you wish to teach a class ytm must contrive that the effects 
which you have thus tar witnessed for yourself shall be witnessed 
by 20 or 30 pupils. And here yonr private iugenuity must come into 
jday. You will attacli bits of paj)er to your needles, so as to render 
iheb* movements visible at a distance, denoting the north and south 
poles by different colours, say green and red. You may also im- 
prove upon your darning needle. Take a strip of sheet steel, the rib 
of a lady's stays will answ^er, heat it to vivid redness and plunge it 
into cold water. It is thereby hardened, rendered, in fact, almost as 
brittle as glass. Six inches of this, magnetized in the manner of 
the darning needle, will in all probahDity be better able to carry 



your paper indexes. Havkig soDUred such, a strip, you proceed 
thus i — 

Magnetize a small sewing needle and determine its poles ; or, 
break half an inch or an inch ofl* your magnetized darning needlo 
and suspend it by a fine silk fibre. Tho sewing needlo or tho 
fragment of the darning needle is now to he used as a test needle to 
examine the distribution of the magnetism in your strip of steel. 
Hold the strip upright in your left hand, and cause the test needle to 
approach the lower ond of your strip j ono end is attracted, the other 
is repelled. Kaiae your needle along tho strip ; its oscillations, 
which at first were quick, become slower ; opposite the middle of tho 
strip they cease entirely ; neither end of the needle is atoacted ; 
above the naiddlo the test needle titrns suddenly round, its other end 
being now attracted. Go througli the experiment thoroughly ; you 
thus learn that the entire lower talf of toe strip attracts one end of 
the needle, while the entire upper half attracts tho opposite end. 
Supposing tbe north end of your little needle to be that attracted 
below, you infer that the entire lower litilf of your magnetized strip 
exhibits south polarity, while the entire upper half exhibits north 
polarity. So iar, then, you haye determined the distribution of 
magnetism in your strip of steeL 

You look at this fact, you tbinlc of it ; in its suggestivenesa tbe 
value of the experiment cbicfiy consists. The thought arises, ** What 
** will occur if I break my strip of steel across in tho middle? 
" Shall I obtain two magnets each possessing a single pole ? ** Try 
tbe experiment; l>reuk your strip of t^tecl, and test each half as 
you tested tbe whole. The mere presentation of its two ends in 
Bucccasioii to your test needle suffices to show you that you have not 
a magnet with a single pole^ that each half possesses two poles, and 
a neutral x>oint between them. And if you again break the half into 
two other halves, you will find that each quai'ter of tbe original strip 
exhibits precisely the same magnetic distribution as the strip itself. 
You mBj continue tbe breaking process ; iio matter how small your 
fragment may be, it still possesses two opposite poles and a neutral 
point between them. Well, your band ceases to break whore break- 
ing becomes a mecfiaiiical impossibility ; but docs the mind stop 
tbere ? I^o : you follow the breaking process in idea when you can 
no longer realize it in fact ; your thoughts wander amid the very 
atoms of your steel, and yon conclude that each atom is a magnet, 
and that the force exerted by the strip of steel is the mere summa- 
tion or resultant of tho forces of its ultimate particles. 

Here, then, is an exhibition of power wbich we can call forth or 
cause to disappear at pleasure. We magnetizo our strip of steel by 
drawing it along the pole of a magnet ; we can demagnatize it, or 
reverse its magnetism, by properly drawing it along the same pole 
in the opposite direction. What, then, is the real nature of this 
wondrous cbango ? What is it that takes place among tho atoms 
of tbe steel when the substance is magnetized ? The question leads 
us beyond tbe region of sense, and into that of imagination. This 
latter faculty is indeed the divining rod of the man of science. 
!Not an imagination merely wbich exercises itself in vague fancies, 
but one capable of seizing firmly on a consistent physical image 
as a principle, of deducing consequences from it, and of devising 
means whereby these deductions may bo brought to the touchstone 
of experiment. If sncb a principle be adequate to render a satis- 
factory account of all the phenomena, if from an assumed cause the 
observed facts neecasarily follow, we call the assumption a theory, 
and once possessing it, wo can not only revive at pleasure tbe facts 
which we have observed, but we can predict those whick vr^ ViaK?^^ 



never seen, ThuB, then, in the prosDCutioii of physical science, our 
powers of observation, memory, imaginafcioTi, and inference all are 
drawn upon. We Bee the fact and store it up ; imagination broods 
upon these memoriea, the theory flashes on the inind, and then the 
dednctivo faculty interposes to carry out the principle to its logical 
results* A perff^ct theory gives to the human mind dominion over 
natural phenomena ; but even an assumption which can only partially 
Stand the test of a compariaon with facts, may be of eminent use in 
enabling lis to connect and classify gronps of phenomena. The 
theory of magnetic fluids is of this latter character, and with it we 
must now make ourselves familiar. 

With the view of stamping the thing more firmly on your minds, 
1 will make use of a strong and vivid image. In optics, red and 
gi'een are called complementary colours ; their mixture produces 
luhiith Now I ask you to imagine each of these colours to pos^^ess a 
self- repulsive power; that red repels red, and that green repels 
green; h\xt that red attracts green and green attracts red, the 
attraction of the dissimilar colours being equal to the repulsion of 
the similar ones. Imagine the two colours mixed so as to produce 
white, and suppose two strips of wood painted with this white ; 
what will bo their action upon each other ? Suspend one of them 
freely as we suspended our darning needle, and bring the other near 
it ; what will occur P True, the red component of the strip you hold 
in your hand will repel the red component of your suspended strip, 
but then it will attract the green ; and the forces being equal they 
neutralize each other. In fact, the least reflection shows you that 
the strips will b© as indiflerent to each other as two unmagnetized 
darning needles would bo under the same circumstances* 

But suppose, instead of mixing the colours, we painted one half of 
each strip from centre to end red, and the other half green, it is 
perfectly manifest that the two strips would now behave towards 
each other exactly as om* two magnetized darning needles — the red 
end would repel the red and attract the green, the green would 
repel the green and attract the red ; so that, assuming two paints 
thus related to each other, we could by their mixture produce the 
neutrality of an unmagnetiKcd body, w hile by their separation we 
could produce a duality of action similar to tbat of niagnetis^ed bodies. 

I doubt not you have already anticipated a defect in my concep- 
tion ; for if we break oTie of our strips of wood in the middle we have 
one half entirely TGd and the other entirely green, and with these it 
would be impossible to imitate the action of our broken magnet. 
How then must we modify our conception? We must evidently 
suppose each atom of the wood painted green on one face and red on 
the opposite one. If this were done the resultant action of all the 
atoms would exactly resemble the action of a magnet. Here also, if 
the two opposite colours of each atom could be caused to mix so as 
to produce white, wo should have, as before, perfect neutrality. 

Substitute in your minds for these tw^o self- repellent and mutually 
attractive colours two invisible self- repellent and mutually attractive 
fluids, which in ordinary steel are mixed to form a neutral com- 
pound, but which the act of magnetization separates from each 
other, placing the opposite fluids on the opposite flu'es of each atom, 
and you have a perfectly distinct conception of the celebrated theory 
of magnetic fluiag. The strength of the magnetism excited is sup- 
posed trO be proportional to the quantlt}^ of neutral fluid decomposed. 
According to this theoiy nothing is actually transferred from the 
exciting magnet to the excited steel. The act of magnetisation 
consists in the forcible separation of two powers which existed in 
the steel before it was magnetized, but which then neutralized each 




other liy their coalescence r And if you test your magnet after it has 
excited a hnndi-ed pieces of steel, you will find that it has lost no 
force — no morej indeed, than I should lose had my words such a 
magnetic influence on yonr m^inda, &a to excite in them, a strong 
resolve to study natural philosophy. I should, in fact, be the gainer 
by my own utterance and hy the reaction of your strength ; and so 
also the magnet is the gainer by the reaction of the body which it 
magnetizes. 

Look now to your excited piece of steel ; figure each at-om to jour 
mindB with its opposed fluids spread over its opposite faces. How 
can this state of things be permanent P The flnids» bv Kypotheisis, 
atti-act each other ; what, then, keeps them apart ? ^Vhy do they 
not instantly iTish trjgether across the equator of the atom, and thus 
neutralize each other ? To meet this question philosophers have 
been obliged to infer the existence of a special force which holds the 
fluids asunder. They call it coercive forcfi; and it is found that 
those kinds of Btoel which ofier most resistance to being magnetized, 
which require the greatest amoimt of coercion to tear their fluid.s 
asunder, are the very ones which ofler the greatest reiiistance to the 
re-union of the fluids after they have been once separated. Such 
kinds of steel are most suited to the formation of permanent magnets. 
It is manifest, indeed, that without coercive force a permanent 
magnet would not bo at all possible. 

You have not forgotten that previous to magnetizing your darning 
needle hrdh its ends were attracted hy your magnet ; and that both 
ends of your bit of iron wire were acted upon in the same way. 
Probably also long before this you w^ill have dipped the end of your 
magnet among iron filings, and observed how they cling to it, or into 
a nailhox, and found how it drags the nails after it- I know very well 
that if you are not the slaves of routine, you will have by this time 
done many things that I have not told you to do, and thus multiplied 
your experience beyond what I have indicated. You are almost 
sure to have caused a bit of irou to hang from the end of your 
magnetic and you have probably succeeded in causing a second picco 
to attach itself to the first, a third to the second ; until finally the 
force has become too feelde to bear the weight of more. Tt you 
have operated with nails you may have observed that the points and 
edges hold together with the greatest tenacity ; aaad that a bit of 
iron clings more iirnily to the comer of yonr magnet than to one of 
its tlat surfaces. In "short you will in all likelihood have enriched 
your experience in many ways without any special direction from 
me. 

Well, the magnet attracts the nail, and that nail attracts a second 
one. Tliis proves that the nail in contact with the magnet has had 
the magnetic quality developed in it by that contact. If it be with- 
drawn from the magnet its power to attrat^t its fellow nail ceases. 
Contact, however, is not necessary, A sheet of glass or paper, or a 
space of air may exist between the magnet and the nail j the latter 
is still magnetized, though not so forcibly as when in actual contact. 
The nail then presented to the magnet is itself a temporary magnet. 
That end which is turned towards the magnetic pole has the oppo- 
site magnetism of the pole which excites it ; the end most remote 
from the pcde has the same magnetism as the pole itself, and 
between the two poles the nail, like the magnet, possesses a mag- 
netic equator. Conversant as you now are with the theory of 
magnetic fluids, you have already, I doubt not, anticipated me in 
imagining the exact condition of the iron under the influence of the 
magnet. You i>icture the irou as possessing the neutral fluid in 
abundance, you picture the magnetic pole, when brought near, da- 



composing the fluid ; repelling the fluid of a like kind with itself, 
and attracting the unlike fluid ; thus exciting in the parts of the 
iron nearest to itself the opposite polarity. But the iron is in- 
capaljle of becoming u permanent magnet. It only shows it« virtue 
as long^ as the magnet acts upon it. What then does the iron lack 
which the steel possesses ? Your reply I know is ready — it lacks 
coercive force. Its fluids are separated with case^ but once the 
separating cause is removed, they :&ow together again and neutrality 
is restored. Your imagination must he quite nimble in picturing 
these changes. You must be able to sec the fluids dividing and 
reuniting according as the magnet is brought near or withdrawn. 
Fixing a definite pole in your imagination you must picture the 
precise arrangement of the two fluids with reference to this pole. 
And you must not only be well drilled in the use of this mental 
imagery yourself, but yon must be able to arouse the same pictures 
in the minds of 3- our pupils, and satisfy yourself that they possess 
this power by placing before tliem magnets and iron in various posi- 
tions, and asking them to describe the exact magnetic state of the 
iron in each particular case. The mere facts of magnetism will 
have their interest immensely augmented by an acquaintance with 
those hidden princi]>les whereon the factj^ depend. Stilit while you 
use this theory of magnetic fluids to track out the phenomena and 
link them together, be sure to tell your pupila that it is to be regarded 
as a symbol merely, — a symbol, moreover, which is incompetent to 
cover all the facts,* but which does good practical service whilst wo 
are waiting for the actual truth. 

This state of excitement into which the soft iron is thrown by the 
influence of the magnet, is sometimes called " magnetiKation by in- 
fluence." More commonly, however, the magnetism is said to be 
** induced " in the soft iron, and hence this temporary magnetism, ia 
called " magnetic induction." H'ow, there is nothing theoretically 
perfect in nature : there is no iron so soft as not to possess a certain 
amount of coercive force, and no steel so bard as not to be capable, 
in some degree, of raagoetic induction. The quality of steel is in 
some measure possessed by iron, and the quality of iron is shared in 
Bome degree by steel. It is in virtue of this latter fact that the 
unmagnetized darning needle was attracted in your first experiment ; 
and from this you at once deduce the consequence that after the 
steel has been magnetized, the repulsive action of a magnet must be 
always less than its attractive action. For the repulsion is opposed 
by the inductive action of the magiiet on the steel, while the attrac- 
tion is assisted by the same inductive action. Make this clear to 
your minds, and verify it hy your experiments. In some cases you 
can actually make the attraction due to the temporary magnetism 
overbalance the repulsion due to the permanent magnetism, and 
thus cause two poles of the same kind apparently to attract each 
other. When, however, good hard magnets act on each other from a 
sufficient distance, the inductive action practically vanishes, and the 
repulsion of like poles is sensibly equal to the attraction of unlike 
ones. 

I dwell thus long on elementary principles, because they are 
of the first importance, and it is the temptation of onr time to 
neglect them. Now follow me a little further. In examining the 



• This thefii? brpnlcs down when applied to diama^ctk bortips, whirh arc repelled hy 
MHffnetB. Lik^ sckft iron, such b&dios uto thrown into a statR of temporary excitetnont in 
virtue of which they are repelled, hut aj\v attempt to explain iuch a repuleicm hy the 
dficompoflition of a nuid will demonstrate it* own futility. 
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distribution of magnetism in jour strip of steel joii raised fche 
needle slowly from Ijottum to top, and found what w^e called a 
neutral point" at the centre. Now docB the magnet really exert no 
influence on the pole presented to its centre P Let us see. 
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Let S N, Fig. 1, ho your nia^ct and let n represent a particle of 
north, magnetisni pla-t-ed exacily opi>OKite the middle of the inagnet. 
Of course this is an imaginary case, as you can never in reality thus 
detach 3' our north maguctifcsm from it?^ neighbour. What is the 
action of the two poles of the mugnet on n ? Your reply will of 
course be that S attracts n while X re[>el8 it* Let the magnitude and 
direction of the attraction be expreb^sed by the line u m, and the 
magnitude and direction of the rcpuLsion by the line u^ o. Now 
th€^ particle n being e(|ually distant from S and N, the Hue ?t o^ 
expressing the rcpujyion, imist be equal to m a, which expresses 
tlie attraction, and the particle n^ acted upon by two such forces, 
muj3t evideiitly move iu the direction j; u, exactly midway be- 
tween m n and n tt. Hence you sec that although there i.s no tcsn- 
dency of the particle u to move towards the magnetic o<[uatnr, there 
is a tendency on it.s part to move pnrallel to the magnet. If instead 
of a particle of north raagjietii^m we placed a jaarticle of south mag- 
netism opposite to the magnetic equator, it would evidently be urged 
along the line u q ; and if instead of two separate particles of mag- 
netism we pbico a little magnetic needle, containing both north and 
south magnetism, opposite the magnetic equator, its south pole 
being urged along n tj, and its north along n j^t the little needle will 
be compelled to set itself parallel to the magnet S N. Make th© 
experiment and satisfy yourf^elvei^ that thia i^^ the case. 

Substitute for your magnetic needle a bit of soft iron wire, devoid 
of permanent magnetism, and it will set itself exactly as the needle 
does. Acted upon by the magnet^ the wire, as you know, becomes 
a magnet and behaves as such ; it will, ^'f couree» turn its north pole 
towardEjj, and soutb pole toward.s '/, just like the needle. 
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Bnt suppoaing you sliift the position of your particle of nortli 
magnetism, trna bring it nearer to one end of your magnet than to 
the other, the forces acting on the particlo are no hjnger equal ; the 
nearest polo of the magnet will act more powerfully on the partielo 
than the more distant one. Let S X, Pig* 2, be the magnet and n tho 
particlc" of north magnetism in its new position. Well, it is 
repelled by N, and attracted by S. Lot the repulsion be repre- 
sented in magnitude and direction by the line 71 0, and the attrac- 
tion by the Bhorter lino n m. The resultant of thesa two forces 
will be found by completing the parallelogram m o, and drawing 
its diagonal np. Along n j>, then» a particle of north magnetism 
would be urged by the simultaneous action of S and 'N. Sub- 
stituting a particle of south rna^etiBm for rt, the saino reasoning 
would lead to the conclusion tlnit the particle would be urged along 
n q ; and if we place at ?i a short magnetic needle, its north pole will 
ho urged along n p^ and its south pole along u q\ and the only 
position possible to the needle, thus acted on, iw along tho line }) q, 
which, as you see^ is no longer parallel t-o the magnet. Verify this 
by actual experiment. 

In this way we might go round the entire magnet, and considering 
ita two pole,H as two centres from which the foreo emanates j we caUi 
in accordance with ordinary mechanical principles, assign a definite 
direction to the magnetic needle at every particular place. And 
substituting, as before, a hit of iron wire for the magnetic needle^ tho 
positions of Ijoth will be the same. 

^ow , I think, without further preface, you will be able to com- 
preheud for yourselves, and explain to others, one of the most 
interesting effects in the whole domain of magnetism. I have hero 
some iron filings, particles of iron, irreo^ular in shape, being longer 
in some directions than in others. Or, instead of the iron tiliughi, I 
may take very Fuiall scraps of thin iron wu'c. Well, I place a sheet 
of paper oyer my magnet^ it is all the better if tho ])aper l;e 
stretched on a wooden frame, as this enables us to keep it (luito 
level. I scatter my filings, or my scraps of wdre from a sieve upon the 
paper, and tap the latter gently, so as to liberate the particles for 
a moment from its friction. The magnet acts on the filings through 
the papcf , and see how it arranges them ! Tliey embrace the 
magnet in a series of beautiful curves, wrhich are technically called 
magnetic curves, or lines of magnetic force. Does tho meaning 
of these lines yet flash upon you ? Set your magnetic needle or 
your t;vis|iended bit of wire at any point of one of the cur\es and 
you will hnd the direction of the needle or of the wdre to he exactly 
that of the particle of iron, or of the magnetic curve at the point. 
Go round and round the magnet ■ the direction of your necdJo 
always coincides with the direction of the curve onVhich it is 
placed. These, then, are the lines along which a particle of south 
magnetism, if you could detach it, would move tci the north pole, 
and a bit of north magnetism to the south pole ; they are the lines 
along which the decomposition of the neutral fluid takes place, and 
in the case of the magnetic needle, one of its poles being urged in one 
direction, and the other pole in the opposite direction, tho needle 
must necessarily set itself as a. tanfjenf to the curve. I will not seek 
to simplify this subjeot further. If there bo anything obscure or 
confused or incomplete in my statement, you ought now, hy patient 
thought, to he able to clear away the obscurity, to reduce the con- 
fusion to order, and to supply w^bat is needed to render the exxdana- 
tion complete. Do not quit the subject until you thoroughly 
undorstand it ; and if you are ablo to look with your mind^s eye at 



the play of forces around a magnet, and see distinctly the operation 
of those fortes in the production of tlie magnetic curves, the time 
which we have Bpent together has not been spent in vain. 

In this thorough manner we muBt maBter our materials, reason 
upon them, and by determined study, attain to clearaess of con- 
ception. Facts thus dealt with exercise an oxpaiisivo force tipon 
the boundaries of thought i — tbej^ widen the mind to gcneraliKatmn. 
We soon recogniiie a brotherhood between the larger phenomena of 
nature, and the minute effects which we have obsei'ved in our private 
chambers. Why, we inquire, does the magnetic needle set north 
and south ? Evidently it is compelled to do so by the earth ; the 
gi^eat globe which we inlierit is itholf a magnet. Let us learn a 
little more about it. By wieans of a bit of wax or otherwise attach 
your silk fibre to your maguetic needle by a single point at ite 
iniddlo, the needle will thus bo imintcrfered with by the pajier loop, 
and will enjoy to some extent a power of dipping its point or its cvo 
below the horixon. Lay your magnet on a table, and hold the needl© 
over the equator of the magnet. The needle sets horissontah Move 
it towards the north end of the magnet ; the south end of the needle 
dips, the dip augmenting as you approach the north pole* Over the 
latter the needle, if free to move, will set itself exactly vertical. 
Move it back to the centre, it rerissuines its horizontality ; pass it 
on towards the south pole, its north end now dips, and directly over 
the south pole the needlo becomes vertical, its north end being 
now tiii^oed downwards. Thus we learn that on the one side of the 
magnetic equator the north end of the needle dips ; on the other side 
the south end dips, the dip var}ing from nothing to ninety degrees. 
If we go tn the equutoral regions of the earth with a suitably sns- 
pended needle we shall find there the positipn of the needle hori/.on* 
tab If wo Bail north one end of the needle dips j if we sail south the 
opposite end dips ; and over the north or south teiTOS trial magnetic 
pole the needle sets vertical. The south magnetic pole has not yet 
been found, but Sir James Ross discovered the north magnetic polo 
on the 1st of June 1831. In this manner we establish a complete 
parallelism between the a/ction of iJne earth and that of an ordinary 
magnet. The terestrial magnetic poles do not coincide with the 
gtjographical ones ; nor does the earth'« magnetic equator quite coin- 
cide with the geographical equator. The direction of the magnetic 
needle in London, which is called the magnetic meridian, incloses an 
angle of about 24 degrees with the true astronomical meridian, thia 
angle being called the Declination of the needle for London. The 
north pole of the needle now lies to the west of the true meridian ; or 
in other words the declination is westerly j but its amount varies, and 
in the year 1660 the declination was nothing, while before that time it 
was easterly. All this proves that the earth^s magnetic constituents 
are gradually changing their distribution. This change is very slow ; 
it is technically called the secular change, and the observation of it 
has not yet cxended over a sufficient jieriod of time to enable us to 
guess even approximately, at its laws. 

Having thus discovered, to some extent, the secret of the earth's 
power, we can turn it to account. I hold in my hand a poker formed 
of good BO ft iron j it is now in the line of dip, a tangent, in fact, to 
the eai th*s line of magnetic force. The earth, acting as a mag- 
net, is at this moment con.ytraining the two fluids of the poker to 
separate, making the lower end of the poker a north pole, and the 
upper end a south pole. Mark the experiment : — I hold the knob 
uppermost, and it attracts the north end of a magnetic needle. I 
now reverse the poker, bringiiig its knob undermost ; the knob is now 
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a nortli pole and attracts the soutli end of a magnetic needle. Get 
Buch a poker and carefully repeat tliis experiment ; satistj yourRelves 
that the flaida shift their position aecordiiig to the m.amier in >vhich 
the pokor is presented to the earth. It lias already been stated 
that the softest iron possesses a certain amount of coercive force* 
The earth, at this moment, finds in this force an antagonist which 
opposes the full decomposition of the neutral fluid. The compo- 
nent fluids may be figured aa meeting an amount of friction, or 
possessing an amount of adhesion, which prevents them from gliding 
over the atoms of the poker. Can we assist the earth in this case P 
If wo wish to remove the residue of a powder from the interior 
sui'face of a glass to which the powder clm^^s, we invert the glass, 
tap it, loosen the hold of the powder, and thus enable the force of 
gravity to pull it doivn. So also by tapping the end of the poker wo 
loosen the j\dhesion of the fluids to the atoms and enable the eai-th to 
pull them apart. But, what is the consequence ? The portion of 
fluid which has been thus forcibly dragged over the atoms refuses to 
return when the poker has been removed from the line of dip ; the 
iron, as you aee, has become a permanent magnet. By reversing 
its position and tapping it again we reverse its magnetism, A 
thoughtful and competent teacher will well know how to place these 
remarkable facti? before bis pupils in a manner which will excite their 
interest ; he will kno\v% and if not^ will try to leai'u, how by the use 
of sensible images, more or less gross, to give those he teaches 
defiiiitti conceptions, pvirifying tlieso conceptions more and more as 
the minds of his jynpils become more capable of abstraetion* He will 
cause his logic to run like a line of light tlirough these images, and 
by thus acting he will cause his hoys to march at his side with a 
profit and a joy, which the mere exhibition of facts without princi- 
ples, or the appeal to the bodily senses and the power of naemory 
alone, could never mspire. 

Thus then we have embraced the earth in our reflections, and did 
time pennit we could push our iacfuiries so as to make them enfold 
the sun and moon, for both of these iiodies act like magnets upon the 
needle. Aiid, c|uitting the confines of a special force, which I have 
taken merely to illustrate the manner in which physical science ought 
to be studied, we might permit our vision to range through l^ature 
at lai'go ; and we should then observe', as I affirmed at the outset, 
that none of her agencies are isolated, that 

" All are but parts of one stupeudoua whole ;" 
Parts, moreover, so related to eacb other as to be mutually 
convertible, and so subjected to quantitative laws that no force, 
nor any portion of a force, can make its appearance withont an 
equivalent expenditui^e of some other powei". The system of nature 
is thus proved to be a system of necessary connexion, I cannot ex» 
pect you to realize this with the vividness of those whose minds by 
special cultm^c or sympathy have become, to a great extent, re- 
flectors of natm^al truth. But the more nearly you approxiniate 
to this conviction the more deeply you will feel how utterly hea- 
thenish and besotted it is to assume those disturbances of natural 
laws which weak men and woraeu now daily assume and believe in. 
And as your studies advance, yoti will remark that in the assertion 
of this principle of interdependence Nature makes no difference 
betw^een her smallest and her lai^gest phenomena; in the land of 
LAW, the links forged from the former are just as strong as those 
formed from the latter. The laws of molecular attraction are as 
perfectly illustrated by the curvature of adew-diop as by the rounding 
of a moon. It would take the same exercise of power to diasolve 
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the connfixion of tlie faintest cloud, or the lighteat sbower of rain, 
with ita antecedents and consequents, &3 to aboHs^h tho force 
which holds the material nni verse together. And should men, or 
nations, feel it to be their int eldest to nesemble and ask for chotigCB in 
the polity of onr atmosphere, Science^ though incnmpetent to prove 
them wrong, may at least preserve them from the error of mider- 
rating the luagnitude of their own demand. She in forma them that 
in offering such petitiona they are reqnesting the Creator to destroy 
the very solder of the uidverse. She tells them that their act is 
qualitatively the same as if they sought by prayers to avert the next 
solar eclipse^ to reverse the tidal wave, to quench a conflagration, or 
to cause the Thames to flow up hill. Science cannot prove these 
thingB impossible to ** the prayer of faith," but she may, by clearly 
stating the truth, show that Piety often a.sks for more than she 
intends, — more, indeed, than would be wholesome for either her or 
the world to have granted to her. 
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I HAVE been requested by the Committee of ^ouncil on Education to 
, deliirep a lecture on the best methods of acquiring and communicating a 
knowledge of botany ♦ In attempting this task I shall only briefly 
allude to the importance of the Minute of Council on Education, hy 
which examinations for schoolmasters in vnrioua branches of science have 
been iiistituted- It has for years been the reproach alike of our uni- 
versity and school system, that in the course of education pursued the 
various branches of knowledge comprehended under the name of the 
natural sciences are almost entirely ignored, Theae branches of science 
embrace the knowledge of all the great facts that have been established 
by the accurate observation of the properties and relations of the material 
world by which man is surrounded. The acquirement of the knowledge 
of these facts and the application of them to the production of the neces- 
saries, comforts, and luxuries of life, are the distinguishing features of 
modem European civilization. If we make a comparison between this 
civilization and that of ancient Greece and Rome, we shall find that its 
great features depend on the development of a knowledge of the forces 
and properties of matter as expressed in the sciences of mechanics and 
pneumatics, of the afiinities of matter in chemistry, of its electrical pro- 
perties, and the knowledge of the laws which regulate the life of animals 
and plants. # 

If, then, it can be shown that this civilisation of ours secures a greater 
amount of happiness for the human race, if it secures a greater amoimt 
of physical development, a higher standard of moral action, a greater 
activi^ of the hnmati intellect, and a loftier conception of the work and 
attributes of the great Creator, it surely needs no argument to show that 
the more widely we diffuse this knowledge, and the more broadly we lay 
its foundations, the better it must be for the human race. 

It is not my place here to show you the relation of the various branches 
of natural science nor to point out how closely one is connected with the 
other ; my duty now is, to show you the position of the science of 
botany, which comprehends the laws of the structure and life of plants, 
and to draw your attention to the best way of studying those laws and 
inculcating them on the mind of others. 

Plants with animals form a great department of natural objecte to 
which the term " organic " is employed, on account of the various organs 
which compose their entire structure. Both are distinguished from the 
mineral or inorganic world by certain common properties: thus their 
ultimate tissues arc composed of cells ; their outlines are curved, not 
straight as in the minend world. Their forms are limited in size, and 
they arc composed of a definite number of elements, in which carbon* 
hydrogen, nitrogen, and oxygen preponderate. They also possess hfe, 
by which we mean that they pass through a series of changes, many of 
which we know to be chemical and physical^ which terminate in quies- 
cence or death, but during this Hfe new indi^nduals are formed resembling 
those from which they originated. These are the principal points thai 
distinguish plants and animals from minerals. 

The distinction between plants and animals, though easily marked 
among the groat groups of either kingdom is not easy amongst the 
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more minute and leas developed form?. Hence the question what is an 
animal or a plant ? ia out that cannot ut the present day be solved either 
theoretically or practically. Without attempting to tliacusa the question 
I would give the follomn^ distinctions by way of assisting you in the 
further study of this subject i — 

1. Plants derive their nourishment from mineral or inorganic Bub* 
stances, animals from organized matters. 

2, Plants abgorb their nutriment to a f^reater or lesser extent by their 
whole external surface, whilst animals possess a mouth, and take up 
their nutriment from an internal bag or stomach. 

3* Plants are mostly fixed, whilst animals have a power of moving 
about. To this distinction, however, there are tiumerous excep* 
tLons. 
4. The tissues of plants are distinguished by the tendency to absorb 
carbonic acid and throw off oxygen, wliilst those of animals absorb 
oxyfjen and throw off carbonic acid gas. 
6. Both plants and animals are developed from an impressible and 
motile protoplasm, but in animals this substance becomes dilTeren^ 
tittle d into ner\'es and musdes. 
The question then to which I would now address myself is how to 
studv these orguiiisms which we call plants. The division of the subject 
which I have always pursued iu teaching, and which I think ia the best, 
is as follows ;^ 

1. The Chemistry of pknts, embracing so much of the chemistry of 
the elements of plants as is involved in the changes which their 
elements undergo during the life of plants. 

2. The Histology of plants, coin[irchending a knowledge of the origin^ 
form, and development of the ultimate ceUa or parts of which the 
tissues of plants are eomi>osed. 

3. The Morphology of plants, en4>racing a knowledge of the structure 
of each or^an^ and the laws of its development. 

4. llie Physiology of plants, comprising a knowledge of the functions 
which the plant as a whole and its organs perform. 

5. The Classification of plants^ comprehending their arrangement into 
classes, orders, genera and species, according to their likeness and 
unlikeness the one to the other. 

Beginning then with the Chemistry we come to the question, how 
best to learn or to teach this branch of our subject. In the first place 
then 1 wouhl say that this is not to be done by books alone. There are 
about sixteen elements fountl in the vcf^etable kingdom^ nearly the same 
as those in the animal kingdom. Thtse elements in their pure form 
should be exhibited to the student, and their properties explained- 
They may be divided iuto two groups^ the orffanic and the inorganic. 
The first comprising those whicli are universally present, and these are 
carbon, liydrogeUj oxygen and nitrogen. The second group is not so uni- 
versally present, and never in so large quantities as the first ; it includes 
sulphur, phosphorus, chlorine, iodine, bromine, fiuorine, silicon, sodium, 
potassium, calcium, magnesium and iron. The compounds of these 
latter groups which are found in plants should be exliibited, and their 
influence on the life of plants explained. Thus chlorine and sodium 
form common salt, which determines to a great extent the \egetation of 
the sea and of the sea shore. Again phosphorus combmes with oxygen 
and forms phtjsphoric acid, which combines with the alkahes and earths, 
especially lime, forming phosphates and these substances are so necessary 
to the growth of plants used by man that they are supplied artificially 
as manures to the soil. Certain plants as the microscopic diatomaceaej 
the horsetails, the grasses and the jialms, require large quantities of silica 
for their growth, and perish where this substance is absent. 



The organic group of elements is, however, the most important, and 
the student should be made thoroughly to understand the properties of 
carbon, hydrogen, oxygen, and nitrogen. The comnounds of these sub* 
stances through which pkmts are nourished should be studied, as water, 
carbonic acid, ammonia, and nitric acid. The influence of these agents 
may be demonstrated by experiments on hying plants. A small garden, 
or eyen boxes containing soil, in the hands of a skilful teacher, would 
serve to demonstrate the action of these agents on the life of plants. 
The quantity of water in plants may be demonstrated by weighing 
plants before and after drying. A plant may be'.bumed in a crucibl,e 
and its indestructible ashes exhibited. The plant may be decomposed 
and the presence of carbonic acid gas and ammonia demonstrated. 

From these general facts the student may be led to consider the com- 
pounds formed by the four organic elements in the tissues of plants. 
Here we have two sets of compounds ; the first used is the nutrition of 
of the plant, and generally present in all plants ; and the second set 
comprism^ substances pecuhar to certain plants or parts of plants, but 
not essential to their nutrition. 

To the first group belong the compounds cellulose or lignine, starch, 
sugar, grape sugar, fixed oils, albumen, fibrine, caseine. Each of these 
substances should be shown to the pupil, separated from the plant, and 
also as it exists in the tissues of the plant, and its physical and chemical 
properties demonstrated. Take starch as an example. Its diffusibility 
and insolubility in water should be shown ; also its property of mixing 
and gelatinising with water at a hi^h temperature. The action of iodine 
on it should be explained, and sections of the tissues of plants contain- 
ing various forms of starch should be exhibited under the microscope. 

It would be impossible to enter comprehensively into the compounds 
of the organic elements which form the secretions of plants, but certain 
groups may be easily illustrated. Thus the various colouring matters, 
mcluding cnlorophyle, may be studied. The action of acids and alkalies 
on litmus or red and blue colouring matters may be explained and 
illustrated. The relation of these substances to the arts of dyeing and 
calico printing should also be brought before the pupil, and some easily- 
understood illustrations given. 

In the same way the groups of vegetable acids, volatile oils, alkaloids, 
resins, and hydro-carbons may be teeated. A collection of these sub- 
stances should be made by the teacher, and, where possible, the living 
plants producing these secretions should be exhibited to the pupil. 

Such instruction will prepare the pupil for entering on the study of 
the tissues which are formed out of the foregoing elements and com- 
pounds with the greatest success. In studying the Histology of plants, 
the microscope is essential. The science of histology depends mainly on 
this instrument. When possible, each student should be supplied with 
a lens, an instrument wmch is now sold very cheap. At any rate, the 
teacher cannot dispense with a microscope, A compound achromatic 
instrument should be preferred, and these may now oe purchased from 
thirty shillings and upwards. Sections of various parts of plants should 
be made, and the pupil's attention directed to the cellular and vascular 
tissues ; to the origin of the tissues in the cytoblast or primordial 
utricle ; to the markings on the cells and vessels, and to the general 
distribution of these elementary parts in the various organs of the plant. 
Drawings, engravings, and diagrams may be made use of, but only as a 
means of assisting direct observations on the tissues as they exist in the 
living plant. 

In the examination of the tissues of plants, there are a large number 
of practical points that should not be lost sight of. The structure of 
tihe cells in such substances as cork and the ivory nut may be examined^ 
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and the practical pmrposes to which they are applied sHo^ti to be de- 
pendent on the stTLictiire and arrangement of the cells, Hie relation 
between the forms of such cells as those which exist in the ivory nut and 
those of the hartl parts of animals should be pointed out. 

The whole subject of the structure of the hairs of plants is fuU of 
interest, but it gains a practical interest of the highest kind when it is 
found that the pecuHar conformation of the cotton hair is the source of its 
cohesive and wea\^ng properties by wliich it contributes so largely to our 
national wealth. 

The vascular tissues of plants may be examined from the same point 
of view. The woody tissue of the flax* the hemp, the New Zealand flax^ 
jute, and a number of other plants are employed for making textile 
fabrics of various kinds. Each tissue has its own peculiar characters, 
which can only be detected by the aid of the microscope and the use of 
this instrument in making out the structture of fabrics should be ex- 
plained. So tdso with the adulteration of articles of food. Many of these 
are easily detected by the aid which the microscope affords in unravelling 
the tissues of articles surreptitiously introduced for the piu-posea of fraud. 
ITiese hints will be sufficient to show you how practical this apparently 
reeondit<5 dejiartrnent of botanical study may be made, 

1 now corae to consider the subject of the Morphology of plants, which 
comprehends the study of the structure of individual organs and the modi- 
fications they undergo in the various forms of plants. 

As a matter of course, before speaking of the modifications of organs,! 
the pupil should be thoroughly instructed in the nature of the varioui 
organs, and be able to recognize them at a glance in all the more 
common forms of plants. For the ]iurposes of instruction a variety of 
plants should be gathered from the fields taken up by the root. The 
general atnictiire of a plant aliould first be described, beginning with the 
root and passing on to the stem. The stem should be carefully dissected, 
and each pupil should have specimens placed in his hands to follow 
the teacher in those demonstrations. When the stem has been mastered 
the teacher should proceed to examine before his pupils leaves, stipulesi J 
bracts, calyx, corolla, stamens and pistil till every pupil baa a distinct 
impression of the nature of a flowering plant at least. The fiowerlesa 
plants, however, have a high interest, and where the teM?her is well versed 
in their structure he may easily compare their organs with those of 
flowering pliints. 

^lien the differences of the various organs are well understood, the 
attention of the pupil may l>e drawn to some of the general facts in the 
structure of phmts. There is no one more calculated to produce an im- 
pression and to bear fruit than the general fact that all parts of a plant 
are referable to changes in the leaf or the stem. 

Without at all endeavouring to inculcate upon the mind of the student 
the doctrine of archetypes in nature, the simple plan of a plant such as ia 
given in Schleiden*a ** Plant a Biography " may be cxhdiited with ad- 
vantage to the student. He will then see that every organ is represented 
as being a modification of stem or leaf. In order to impress this general 
law on the mind a variety of plants should be presented to the student in 
various stages of growth. Flowers and fruit are especially cnmplicated 
in some plants, and the student should be encouraged to point out what 
he regards as stem structures and what as leaf structures. 

As a subordinate morphological law, I would point to the general fact 
that leaves assume their various forma according to the relative groui;h 
of the vascular and cellular tissues. At almost all seasons of the yearj 
leaves enough to illustrate tliis fact may be found. The spines of the 
furxe and the barberry, the cut leaves of the Umbellifcr^, the entire 
Jeaves of the cabbage, the serrated leaves of the dandelion, and the 



•ooculent leaves of the housc-leek, arc some of the examples which mi^ht 
bejproduced to impress this law. 

Very striking are the laws relating to nuinhcrs. The prevalence of 
the number three in the flowering or^^ans of one large class (jf plants, 
and of the numbers four and five in another class, are facts that the 
youngest pupil can be easily made to understand. The prevalence of the 
numtes four and five in great grou}Js of the last class can )>e easily 
demonstrated from conunon nlants around us, as the prevalence of four 
in the order Onagracese, and naif four in the order Oleacco?. The occa- 
sional departure in one series of organs from the prevailing number 
should also be pointed out, as the four stamens in the Scropliulariacea? 
and LamiaceK, when all other |)arts of tiie ilower arc five, and of six 
stamens in the Cruciferse, when all other parts of the flower are arranged 
on the number four. 

I give these as common examples, and of plants which gn»w wild in 
our own country. The teacher who wishes to pursue tiiis su))ject will 
find in such a work as Schleiden's ** 1 Vinci pies of Scientific Botany " 
ample illustrations to guide him in his selection of further examples. 
There is one department of this subject the imi)ortancc of which in the 
study of plants can hardly be overrated, and that is the history of the 
development of the plant and its {rnrts. Kach plant has a history, and 
its parts assume at different stages of its growth different aspects. Let 
me illustrate this subject by the histoir of an acorn. Taking an aconi, 
you might think it was a 8ui>crior fruit sitting in an inferior calyx. 
You might even suppose that tiie fruit had been surrounded by stamens 
and a corolla. But if you examine the flowers of the oak in* the early 
stages of their growth, you will find that it is a niono'cious plant, that 
the stamens and pistils are seated on different flower-stalks, and that 
the stamens are attached to an elongated catkin, altogether diflering in 
form from the flower which bears the pistils. If you ever hjok for these 
flowers, you will find the pistil seated ni the midst of a imniber of scales, 
which form an involucre. Open the pistil, and you discover tliree cells, 
and in each cell two ovules. Now, it is this involucre which becomes 
the cup, and g^radually one out of the six ovules presses on its fellow 
ovules on all sides, and squeezes them and the cells which they occupy 
out of existence, and forms the one-seeded inferior fruit which the acorn 
really is. In the sweet chestnut and the beech the involucre which 
forms a cup in the acorn, completely closes over the seed, and forms the 
outside or shell of the fruit. You see in this case how necessary it is 
to observe the development, or we should know little or nothing of the 
true relationship of these fruits and plants the one to the other. 

There are many other equally striking cases of the necessity of studying 
the developmental history of parts of plants, but this must suffice as an 
illustration. 

From the study of the laws of form in plants we may proceed to 
Vegetable Physiology, tne study of their functions. Whilst growth is 
loing on, and each organ is assuming a definite form according to fixed 
aws, the matter of which they are composed is undergoing continual 
changes. Lake the higher organisms of the animal kingdom, plants 
take up food from without by the agency of their roots and surface. 
After the food has been absorbed it is carried into the interior of the 
tissues of which the plant is composed, and there it is changed by 
powerful chemical forces brought into action by the agency of heat and 
ught. Water, carbonic acid, and ammonia, are changed into cellulose 
starch, sugar, oil, protein and the other secretions of plants. During 
these changes water passes off irom the plant in large quantities, also 
oxygen gas. The functions of nutrition and excretion are thus carried 
on. The whole plant or parts of the plant ga on increasing; tiH 1W| 



Ifl 



8 



hare attained their "definite forms. In one aet of cells or tissues these 
processes come to an end ; the whole plant or parts of the plant, as the 
leaves, die. In some parts, however, an arreat of growth takes place 
without death. The or^ns in which this takes place are known as huds 
or seeds, according ojs cells of the same kind or of two different kinds 
aasuine this suspended condition. 

I have here sketched the life-history of the plant, the principal fwcia 
of which may he brought under the observation of the pupil. In the 
study of the chemistry of plants he will have learned the nature of the 
food of plants. He may now he taught the relation of the plant to 
the soiL The absorhin^ properties of the various auhstances, as sand, 
limestone, sandstone, clay, and humus enterinff into the composition of 
sod may he made the subject of experiment. Whe^e a garden is nut at 
hand, boxes or pots containing these soils may he planted with the same 
plant in order to show their efrect. The influence of the nitrates, the salts 
of ammonia and of phosphates may be also thus exhibited. The 
action of light and heat on the growth of plants may he also demon- 
strated in the same way. Experiments may be so arranged that the 
student may he able to distinguish between the effects of light and heat. 
Here too a knowledge of facts borrowed from other departments of 
science should be impressed on the mind of the pupiL The action of 
light upon ]dants in causing the decomposition of carbonic acid is probably 
identical with the influence it exerts upon the cldoridea and iodides of 
silver in the art of photography. 

Again with regard to heat, its greatest influence on plants is owing to 
its converting water into vapour. Plants are constantly exhaling water 
under this influence* In this way the absorptive function of the root 
is maintained, and plants appropriate organic and inorganic matters 
according to the quantity of water exhaled. 

Again the function of absorption in plants is closely connected with 
the purely ]>hysical phenomenon of capillary attraction, endosmose and 
exosmose, and the diffusion of gases, and experiments raay be easily de- 
vised to illustrate these phenomena. 

In directing attention to the phenomena of impregnation in plants the 
microscojie should be used, and the structure of the pollen grains, and 
the ovules and the production of the pollen tube should be thus demon- 
atmted. 

When the student has gone through these subjects, he will be pre- 
pared to enter upon the study of Systematic Botany or the arrangement 
of i}lants info clatsses, orders^ genera and species. In the teaching this 
department 1 think it is most convenient to direct attention to British 
wild plants ; both on account of the plants themselves being less liable 
to change, and because inexpenai^^e books with descriptions suthciently 
extended may be employed. I recommend for this purpose either 
Babington*s Mamial of British Botany, or Bentham*s Handbook of the 
British Flora, Other books on British botany however may be em- 
ployed. 

In the first place, the structure of the great classes of flowering and 
flowerless plants shoidd be understood ; then their great subdivisions. 
Thus, for instance, the structure of the grt^at subdivisions of the class 
of Exogens, Thalaraiflora% Calycifluras Corolliflorfc and MonoclilamydeEe 
should be impressed upon the mind : after this the orders in any of these 
BubdiWsions may be taken nji. I do not recommend that any particular 
sequence of these orders should be pursued. This must Jepend, in a 
great measure, upon the season of the year, and the facility of getting 
access to plants. At any rate the pupil should always have the 
illustrative spsciraens in his hand. 1 have found it a good plan to take 
the plant and write down on a board, with chalk, all the distinguishing 
features vi the plant, as fiUf as the order is concerned, beginning nith the 



stem and ipassing on to the leaves and the parts of the flower. After a 
few orders have thus been gone over, the teacher may then draw the 
attention, of his pupils to the point or points of structure in which it 
difiPers firom all other orders, and to the points of structure in whid^t 
agrees with allied orders. 

Let me give you an example. Suppose you have specimens of the 
four Monopetalous orders, Scrophulariaceae, fioraginacese, Lamiacese, and 
Solanaceae, you go over the principal points of structure in each specimen ; 
you may then draw the attention of your class to the combined cnaractera 
that distinguish Scrophulariaceae from the other three. Its irregular 
flowers, didynamous stamens, and two-celled pistils or capsules. It 
agrees, however, with Lamiaceae in its irregular flowers, and with 
Solanaceae in its two-celled fruit; but it differs from Lamiaceae and 
Boraginacese in its two-celled fruit, and ^ro Solanacese and Boraginacese 
in its irregular flowers. Such comparisons ser\'e to impress points of 
structure on the mind of the pupil. When a number of orders have been 
thus gone through, the pupil should be taught to analyse them for 
himself upon the plan of a dichotomous division, such as has been 
introduced by Dr. Lindley into his works on systematic botany, and 
followed by Mr. Bentham in his hand-book. Thus, taking the four 
orders above named, we may arrange them in the following ways :«-• 

.Flowers irregular : 

Fruit, two-celled, Scrophulariacese. 

Fruit, four-nutted, Lamiaceae. 
Flowers regular. 

Fruit, two-celled, Solanaceae. 

Fruit, four-nutted, Boraginacese. 

Or, we may make the stamens the basis of our distinction : 
Stamens pentandrous : 

Fruit, four-nutted, Boraginacese. 

Fruit, two-celled, Solanaceae. 
Stamens didvnamous : 

Fruit, four-nutted, Lamiaceae. 

Fruit, two-celled, Scrophulariaceae. 

Or, we may make the fruit our first distinction : 
Fruit two-celled , 

Flowers, regular, Solanaceae. 
Flowers, irregular, Scrophulariaceae. 
Fruit four-nutted : 

Flowers, regular, Boraginaceae. 
Flowers, irregular, Lamiaceae. 

The pnpil should be encouraged to draw up such analyses of the 
orders he has studied, and in the course of a little time he will be enabled 
to distinguish the principal orders of British flowering plants. 

Several orders having been mastered, the pupil may now be en- 
couraged to make out genera and species. Genera are groups subordi- 
nate to orders, and embrace one or more species, according to the 
characters which they possess. The genus may be looked upon as a 
means of grouping the species which are the ultimate forms which a 
group of animals or plants are supposed to assume. A species is a 
collection of individuals which resemble each other more than they 
resemble anything else. Without entering into any question as to the 
origin of species or the kind of characters that ought to distinguish 
them, I would remind you that certain forms of plants are thua 
recognised by all writers on botany. It will now becoTUft-^VytXai^ <i'i*QoRk 
student to recognise these species. For t\na ^ut^o^^'Vi^ tdw^ \i^ \aiiK^ 
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into the fields, ttnd jilants collected autl broiiflflit home for the purpose 
of naming^* by the aad of the manuals of which 1 have spoken. Havinf^; 
found the order and the genus, ho goes on to seek the apeciea, and this 
h^ shfJtdd be enoourag-ed to do hy the ttid of the manual alone. When 
he is enabled to distinguish species he will have attained one great object 
of systematic Botany. 

I would, howev^er, further recommend, where it can be done, that the 
pupilbeencourur^ed, after naming his plant, to dry it and put it dov\iifor 
the purjjose of foiininar an herbarium or hortus aiccua. Such a procedure 
is a great stimulus to the collecting' and naming plants, and everyone will 
feel a kind of pride in thus accumulating in a form in which they can 
always be consulted, the plants which they have picked up in their 
Farioiis countiy excursions. All the little practical details connected 
with this snl)ject are admirably illustrated in the Educational Depai'tment 
of this Museum, by the exhibition of apparatus and specimens from the 
National School at Hitcham, in Suffolk, The study of botany has been 
introduced among^t the girla in tliis school, by the Rev. Professor 
Henslow \^ith the gi^atest success. He has not only demonstrated that 
botany may be taught with success to village children, but that ita 
introduction has had a beneficial influence on all the other branches of 
education carried on in the school. 

I have now finished what I have to say on the subject of learning and 
teaching botany, and I might perhaps conclude with a few remarks 
recommend atorj" of this branch of study, I feel, however, that this is 
unnecessary, as you must feel from the facts I have placed before you, 
that the study of plants, both practically and educationally, must be 
attended \sdth great advantages. 

To those who are anxious to study the great laws of life, by which the 
higher forms of organic beings exist, a knowledge of the laws of the 
life of plants is ahnost essential, as they present simpler forms of organic 
existence than are found in the animal world. 

Practically, the vegetable kingdom demands accurate study, as it is the 
great source of power in animal life. Without plants the animal machine 
could not be worked. It is by undoing the chemistry of the plant, 
liberating the forces employed in forming the vegetable compounds used 
by animals as food, that heat, the muscvdar power and the nervous 
sensibihty of the animal, are maintained. The greatest problems of human 
existence lie within the limits of this inquiry, and all himian power, and 
thought, and hope, and progres3, result from the transference of the 
forces treasured up in plants to the organisation of man. 

Descending lower in our view of the relation of the vegetable kingdom 
we find man dependent upon it for a vast amount of the materiala of his 
use, comfort, and hixury, in his daily life. He is clothed \\dth the fibres 
of cotton and flax, he is adorned witn the coloufs of the indigo, madder, 
and a hundred other plants, the canvass he spreads to wafi him over 
the ocean is hemp, he lives in houses built largely of wood, and in which 
almost every article of use is of the same material, his iron rails are laid 
on wooden sleepers, his ships are built of timber, the great agent of liis 
progress is the dried ]>ulp of plants, which forms paper, in short, from 
his willow cradle to his oaken cofiin, man is more or less dependent upon 
the structure and properties of plants for his work and comfort in Hfe. 

But these considerations may fail to impress those to whom my lecture 
is addi^ssed, that botany should constitute a necessary part of a 
systematic course of education. Tliere are, however, special reasons why 
botany amongst the natural history sciences should be preferred in a 
coiu'se of instruction intended for the development of the reruson and 
observing powers, lliese reasons have been put forward by an authority 
whose abiUty to give an opinion on the subject no one can doubt, and 
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whose position in the University of Cambridge would be the guarantee 
that he was influenced by no wish to interfere with courses of instructiom 
already recognised. Dr. Whewell, the Master of Trinity, in his work 
" Of a liberal education," says, " I have already remarked elsewhere, that 
among the sciences, natural history affords very valuable lessons which 
may beneficially be made a portion of education : the more so, inasmuch 
as this study may serve to correct prejudices and mental habits which have 
often been cherished by making pure mathematics the main instrument 
of education. The study of natural history teaches the student that 
there may be an exact use of names and an accumulated store of indis- 

Sutable truths on a subject in which names are not appropriated by 
d&nitions, but by the condition that they shall serve for the expression 
of truth. These sciences show also that there may exist a system of 
descriptive terms which shall convey a conception of objects almost at 
distinct as the senses themselves can acquire for us ; at least, when the 
senses have been educated to respond to such a terminology. Botany in 
particular is a beautiful and almost perfect example of these scientific merits^ 
and an acquaintance with the philosophy of botany will supply the 
student with a portion of the philosophy of the progressive sciences, 
highly important, but for the most part hitherto omitted in the usual 
plans of a liberal education. But tne philosophy of botanv cannot be 
really understood without an accjuaintance witn a considerable portion, 
at least, of the details of systematic botany. On these grounds I should 
much desire to see botany, or some other branch of natural history, or 
natural history in general introduced as a common element into our 
higher education, and recommended to the study of those who desire to 
have any clear view of the progressive sciences, smce it is in fact the kqr 
and ground-work of a large portion of those sciences." 

I need not add that I entirely concur in these remarks, and that I 
believe that what applies to the higher education of our universities is 
equally applicable to the lower education of our middle class, and work- 
ing class schools. Nay, more, if in the one case it is necessary in order 
to give an intelligent apprehension of the real progress of human intellect, 
in the other case it is more necessary in order to give precision and 
intelligence to the efforts of those the success of whose daily pursuits is 
dependent on the skilful adaptation and direction of the laws and propeiv- 
ties of the material world. 
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LECTURE. 



If compliance with an invitation from the Committee of Conncil on 
Education,! wiU ondeavour to bring under your notice some considera- 
tions on the Study of Chemistry aa part in a well arranged system of 
mental cultivation. In an att^^mpt of this kind, owing to the endleaa 
variety of relations which chemiBtry bears to other hranchea of know- 
ledge, so many starting points preBcnfc themselves, that it seems 
important to define at the very outset the aspects under which I pro* 
pose to submit the subject to your attention. I may therefore state 
at once that I shall examine the question more especially in two 
directions, aiming, in this fii^st lecture, at giving you a survey of 
the conditions which render the study of chemistry invaluable as 
advancing the material well-being and the intellectual progress of 
mankind, Eind pointing out in a second lectui'e, the path recognised 
by experience as the shortest and safest towards the perfect mastery 
01 chemistry as a science ; adding at the same time, some remarks 
on the cheoiical instruction ui schools, where chemistry is taught as 
a branch of general education, and as a means of mental training. 



The importance of the study of the natural sciences, and particu- 
larly of chemistry, becomes at once obvious when we compare oiar 
modem civilization with that of antiquity. Losing sight of the 
revolution brought about in the human mind by the reception of new 
religiouB views, as not immediately connected with the subject of 
this discourse, it cannot be denied that all the other steps of progress 
which modern times have made, are exclusively derived from the 
ardent cultivation of the study of nature. 

In poetry and Bculptiu*e the tincienta are still unsurpassed. What 
epic poem, as to originalitj\ vigour, and freshness, can be compared 
to those of Homer 9 We admire the genius of a Shakespeare, the 
iearching eye wdth which he traces human nature to her innermost 
recesses ; we are carried away by his life-warm creations. Whether 
he reveal the tenderest emotions of the human breast, or roll before 
our view the stormy waves of passion, we unhesitatingly accord to him 
the palm as the first dramatic poet of modern times. Let those, 
however, who have read the Greek tragedians say, whether Sophocles 
has been aurpaased by Shakespeare ! — Modem sculpture ever turns 
to the antique as to a model of unattaincd perfection. In all timep, 
from all countries, the sculptor has made his pilgrimage to Rome and 
Grrcece to study in the school of the ancients. 

He who has seen the frescoes on the walls of Fompeii will bear 
witness to the high attainments of the painters of those ages, and, 
granting a great development to the art of painting in modern times, it 
would be difficult to say how far this is owing to our diHerent mode of 
viewing the world, which has altogether changed the scope of artistic 
aspii'ation, or to the technical improvements, more especially in the 
colours, which are at present at the disposal of the painter. It is 
next t-o impossible to form a clear notion of the music of the ancients ; 
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but, if we consider tlie simpHcitj of tlie insti*timeiits at tkeir com- 
mand, there can be no doubt that the advance, wMcli modeni music 
has made, is mainly referable to our perfected constrnction of their 
instruments and to the invention of new instmraenta, for which again 
we are indebted to an active study of the laws of nature. 

Om* writers of history, too, in what do they surpass their predeces- 
sora except in the endless abundance of material which century after 
century has heaped up in addition to what they possessed ? The 
wi'i tings of the ancient historians are still the first which we place in 
the hands of oui* yontb, and experience has proved what an inex- 
haustible source of mental and moral culture successive genera- 
tions have foinid in the.«e works. IS^o nation of modem times has pro- 
duced more brilliant oi'ators than England ; as none possesses freer 
institutions, the native soil of eloquence. But have modem orators 
outstripped the Gi'eeks and Komans (except, perhaps, in the formidable 
length of their speeches) ? To liim who would ascertain what progress 
the schools of mental philosophy in lator times have raadej compared 
with those of antiquity, I recommend a plunge into the works with 
which a certain school aeluged the literatm'O of Germany at the com- 
mencement of this century. Again, has not modem jurisprudenco 
its very root in the Koinan law ? Is not the Homan law taught at this 
very day in all the continental universities ? and is not the civil law 
of the Romans still in force in many states at tlie present time ? I 
may be reminded of the enormous strides which the mathematical 
sciences have made in modern times, hut we still learn from Euclid 
the rudiments of geometi'y : and are wo quite sm'e that the methods, 
whichj like so much new apparatus, has been supplied to mathema- 
tical operations, would have unfolded themselves, had it not been for 
the wonderful develo^imciit of the natural sciences?, more especially 
of physics, which continually offered to mathematical treatment new 
material to be mastered, and thus in a measure involved the creation 
of these very methods ? 

I might easily pursue this parallel still farther, but I have 
already said enough for my piu'pose,* Modern civilization most 
undoubtedly has its footing in the y.ealouR investigation which the 
present age hag devoted to the forces of nature, and in the wonderful 
results to which this investigation has led, and, day by day, is lead* 
in^. The study of the forces of nature has subjected them to our 
wnL Knowledge is power ; midcr no conditions is this axiom 
truer than when applied to the knowledge of natural phenomena. 
Time and trouble spent on the study of nature is amply repaid, for 
in every well examined physical force, man educates for himself an 
obedient servant, ready at all times to fulfil his bchestft. 

What giant stindes in all directions have been made in consequence 
of the development of the various branches of physical knowledge ? 
Tlie power of steam has gradually become subservient to suck a variety 
of uses that we can scarcely ima^ne oui* existence without it ; and 
yet when we see our steamships cleaving the ocean from hemisphere 
to hemisphere, or the locomotive engine rushing with the speed of 
the storm over the conntty, how rarely does it occur to us that we 
are indebted for this rich inheritance to the patient study of the 
laws of hcixi:^ Were I to pursue, into its various directions, the 
influence which the aiibstitutdoTi of steam power for the micertain 
forces of water and wind, or for animal force, has exerted on the 
BOTcral arts and manufactures, I should exceed the limits of this 



• Tho subject has benn very fully treated bvProf. Pett^nkofeTinoue ofhia popular 
lectures. In the same lecture the author lucidly <*iplaln8 the causes wliich,in antiquity, 
preventecl the free dovelopaicnt of the study of nature. 



sketch ; but I am tempted to glance for ii momeat nt the wonderful 
change wMcii the introduction of st-eam has produced in the civiliza- 
tion of nations. We are still far distant from the reign of uninfcer- 
rupted peace ; the clang of arms no sooner ceases in one country, 
than the llames of war are seen raging in another, but how different 
in form and fashion are our wars from, those of antiquity ! We still 
wage war, but no longer for the purpose of enslaving entire nations. 
We need ne slaves, steam engines aj'e our slaves, our helots. The 
constructions of our architects, and of our engineers, are not leas grand 
than the pyramids of ancient Egypt, whilst they are immeasurably 
more useful ; but :no longer are the inhabitants of whole provinces 
made to groan for years like beasts of burden, no longer is the 
towering pile cemented by the sweat of an enslaved people. 

A harvest of results, not less unexpected, has rewarded the 
inquiries in electric it i/t a science of which antiquity had not even 
an anticipation. A century has not passed since Franklin made his 
experinaents with the electric kite ; a shorter time still has elapsed 
since Galvani saw the frog's leg quiver on the balcony at Bologna, 
and eearcely have the inquiries been completed which place in its 
ti'ue light the connexion between the experiments of both ob- 
servers ; but what incalculable iidvantago has not the human 
race already reaped from these observations ! Everyone knows 
that Franklm was led by the prosecution of his experiments, to the 
invention of the lighbiing conductor, and that the elaboration of 
Galvani' s observations gave rise to the construction, in the hands of 
Yolta, of his battery, that grand lever of oui* own times, A faithful 
handmaid, the voltaic battery multiplies for ns, in durable metal, 
the noblest productions of artistic genius, formerly acces.'iiblc only 
to the chosen few, and this with an accuracy of which no other 
mode is capable. Xot satisfied with giving an exact copy of the 
form, it clothes the copper with a layer of silver or gold, almost 
imponderable, yet sufficiently close and nniform to protect the 
delicate smface against the tooth of time. Ecaming from the lofty 
pharus, the electric ray warns the seaman from the treticlierous rock, 
and guides liim safely into port. As a winged messenger, lastly, 
annihilatmg time and space^ the electric cui-rent bears our thoughts 
with the rapidity of their conception over land and mider sea. Great 
as these acquisitions are, the list of benefits which our generation is 
destined to reap from the study of electricity is not yet concluded. 
It was Ijy the help of the voltaic buttery that Davy, at the com- 
mencement of this century, was enabled to deconipose the alkalis 
into their elements. The isolation of the alkali-metals has at all 
times been considered one of the finest achievements of chemistry. 
During the half century that has since elapsed, it has afforded in- 
calculable aid to the progress of science \ but it was resented for our 
time to hail on the market-place of life this glorious discovery of 
Davy. By the help of one of the metals discovered by Davy%-— by the 
help of sodium, — chemists had succeeded in separating from common 
clay a metal, equally distinguished for its peculiar white lusti'e, its 
lightneBS, and its resistance to the atmosphere. The industrial pro- 
duction of aluminitim, which is of unlimited occurrence in nature, 
had been impeded hitherto by the high price of the sodium necessary 
in its extraction. By the unremitting efforts, however, of IT. Ste. Claire 
Deville, the preparation of sodium has lately become so simplified 
and so cheapened, that the manufacture of aluminium on a large 
scale has been actively carried on for some time ; and thus we owe 
to the combined inquiries of chemistry and physics, an industiy, 
the future of which it would be difficiilt at this moment to calculate" 



Scarcely less rich and interesting ore the acquisitions which 
modem fcmies have derived from the asaiduonfl inquiries into the 
nature of li^At. To the comprehension of its laws, we elto in- 
debted for the perfection of the instrnmenta, which, embracing as it 
were the infinite in both directions, have gathered the vastness of 
the heavens within the sphere of our perception, and expanded to 
om* view the living world in the water drop. The phenomena of 
polarizatioWi bnt a few years ago the exclusive property of abstract 
Bcience, have taken their place among the adaptations of optics to 
practical life. Aided by the polarizing priBm, the navigator may 
search the geas for the shoals threatening his desti'uction, and the 
fisherman follow the movements of his prey through depths impene- 
trable to his unaided eye. In the hands of a Blot, a ray of polarized 
light became, to the sugar maimfacturer, an index of the amount of 
Baccharine matter contained in his liquors ; whilst directed by the 
genius of a Wheats tone, we have seen it performing the work of a 
chronometer. (Playfair.*) 

The method of fixing the picture of the camera obscnra, that 
marvel in the histoi-y of science, placed, as it were, on the boundary 
line between optics and chemistry, directs our consideration more 
especially to the fruits reaped from chemical htqnirjf.i The study of 
the solai' ray led the way to the contrivance of an instrumentj which, 
imitating the etmcturo of the human eye, presents within a narrow 
compass a faithful copy of the grandest scenes and of the most 
fragmentary miniatures of nature and art. To this picture, the 
fugitive ofiapring of a passing ray, chemical science has given per- 
manent life. But before this discovery, which is one of the moat 
graceful achievements of our own times, could be accomplished, 
what thought, what toil was necessary, what a series of researches 
were required, perfectly unconnected with the final result, which 
nobody could have anticipated. The ley of the Boap-boiler had to 
give up its iodine : the properties of this new element, and it^ action 
on various otlter substances had tci be carefully studied ; the inves- 
tigation of Hulphur and its oxides had to teach us the existence and 
the properties of hypos ulphurous acid ; gun-cotton, lastly, of ephe- 
meral celebrity whilst thi-eatening the world with destruction, had 
to be tamed down to the permanent usefulnesB which it possesses 
in the form of collodion. 

Photography is not the only fi-uit which has arisen from the union 
of optics and chemistry. The last few months have given evidence 
of the treasures which are still to be raised on the boundary domains 
of the two sciences. 

It is well known that the spectrum of a flame, of a gas-flame for 
instance, in which certain substances are volatilized, exhibits pecu- 
liar bright lines, the colour and position of which varies a/ccording 
to the nature of the substance. These phenomena, investigated by 
several observers, and more especially by Pliicker, have lately been 
further pursued by Kirchhofl* and Buiiscn. Their experiments have 
led to truly astonishing results. Kot only have these philosophers 
been enabled to endow science with perfectly new methods of research, 
in comparison with which the ordinary modes of analysis are coarse 
and clumsy ; but the delicacy of their process has permitted them to 



• The Study of abstraet Science essential to the Progrresa of Industry. Records of the 
School of Minea, part L, 1852. 
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recognize the existence of new elementary substancea, which, like 
satellitea, accompany the commoner elements. Within the laat few 
weeks they hare annonnced the discovery of a new metal, very 
similar to potasaium, for which they have proposed the name of 
OEesium, from the Latin word cfesius, expreising the pecnliar greyish 
hloe colour of the Bpectriim linCj the observatioa of which gave rise 
to this remarkahle disco verj'* 

I have ill the first place directed your attention to the achieve- 
ments which chemistry has accomplished in conjunction with her 
older sister, Physics, Many of the phoauomena which constitute the 
domain of chemiatiy, have been known for centuries ; hut it is only 
in modeiTi tim.ea that this knowledge has been raised to the rank of 
an independent science. Little more than half a century has elapsed 
mnco chemical knowledge became chemical science, yet how mani- 
fold are the services which this new science has rendered in 
so short a period ! It was in the latter half of the last century 
that the combined activity of some of the rarest minds working 
in various countries began to spread light over this field of 
kijowledgo. The genius and laborious researches of a Black, 
a Priestley, a Watt, a Cavendish in this country, ol" a Lavoisier 
in France, and a Scheelc in Sweden laid the foundations of the 
grand edifice which ha,3 since been raised by the united laboui's of 
scientific chemists throughout the world ; they were the workers 
out of the principles of that enlightened method of interrogating 
nature, the introduction of which into the arts and manufactui*es 
has effected more in the brief space of fifty years, than the un- 
methodical experiments of many pre\ ions centuries had achieved. 
The ** transmutation of metals," and the '* elix'ir rltae,*' which had 
eluded the ardour and the perseverance of the alchemist, became 
the legacy of the scientific chemist, who soarched for the philo- 
sopher's stone, not in sowing the metals, not in the fragrance of 
flowers, or in the brilliancy of the morning dew, but in the faithful 
study of nature's phoenomena^ and in the investigation of her laws 
throughout creation. Modern chemistry has not attempted to con- 
vert lead into gold, but what immense sources of individual and 
national wealth have been opened since the adoption of its methods 
has infused new life into every branch of industry I On comparing 
the acquirements of the present age, our comfoi'ta, oui' sanitary 
regulations, our means of communication, <&:c., with the state of 
things in the last century, it may with truth be said that human 
life has actually gained in duration, while its enjoyments have been 
increased a thousand fold. It would be both interesting and usefub 
did this brief sketch admit of it, to notice the effects of chemical 
knowledge on the various branches of industry in every department 
of life. It would be found, that not only every art and every 
trade, but that every indi^ddual had profited by the labours of the 
chemist. 

In taking a retrospect of the rapid progress which some of the 
arts and manufactuies, dependin«^ upon chemistry, have made in 
modem times, we are at a loss to know where to begin our survey, 
ccvery branch of industry could furnish the most brilliant illus- 
trationa. 

Were I to trace with you the history of stdphuric acid^ from 
the moment when the Erfnrt monastery first witnessed oil of vitriol 
passing over, drop by drop, from the alembic of Basiliua Valentinus» 
lip to the present time, when hundreds of thousands of- tons ai*e 
sent forth from the colossal lead-chambers of Groat Britain alone ; 
were I to enlarge on the influence which chemistry, by raising 
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the production of sulpljmic acid to its present degree of per- 
iection^ lias exerted on the development of chemical munnfactnres ; 
were 1 to describe the action of sulphuric acid in the preparation of 
the other acids, of nitric, hj^drochloric, of acetic acid ; its application 
in the manufacture of phosphorus, its employment in the improved 
process of candlemaking, in the isolation of stearin from crude 
tiillow, ita use by the dyer for preparing his colours, by the skin- 
dresser for opening the pores of the skin previous to the operation of 
tiimiing ; by the metallurgist in the new process of refining' silver ; 
by the agriculturi^st in the preparation uf most efficient miiuiires,— I 
should have to unfold a picture for whieh it would be difficult 
to find the appropriate frame. Nor could I omit to show you Leblanc 
«trugglin)^ with prejudice for the adoption of his great discovery; 
the transformation by the agency of Hiiljjhmic acid of sea salt into 
carbonate of soda ; or to lead yon Liito the busy factories of Lanca» 
Bhire, which now, after the la]^se of leas than half a century^ provide 
not only this country, bat half the world, with soda. !Xor would the 
picture be complete without the glassworks and the ^oap manu- 
ftwi'torics in the distance, the operations of which have been forced 
into unprecedented activity by the production of soda, without 
the bleaching yards*, which owe their very existence to Leblauc*s 
great discovery ! 

It would bo equally instructive to trace, m brief oiitlinea, tbo 
hiatory of coal fjae^ the manufacture of which has become, dm'ing 
the last thirty years, of truly national imi>ortauce. 

The evolution in difierent localities of inflammable gases from the 
ground has been noticed from time inimeuiorial, and the comiexion 
of these gases with deposits of coal bad been recognized as eiu'ly 
as the middle of the iseveiitecnth century.* Years, however, elapsed 
before correct views of the nature of thost* gases were established 
by experiment. In 1739, coal was for the firBt time subjected to dis- 
tillation by Dr, Clayton, Dean of Kildare, who thus succeeded in 
imitating artificially the formation of native gaa. From this moment 
the subject was never lost sight of, but it was not till the end of tho 
last century that the intellectual impulitje of that memorable period 
overcame the difficulties opposed to the practical application of this 
new source of light. These obBtacles we know have been at last 
entirely removed ; gas light is now univeraaL Our streets, oni* public 
buildings, our private dwellings, are biilliant with its radiance. In 
our daily enjoyments of its benefits , we haTo almost ceused to be 
conscious of the comfort and even personal secuiityj which we owe 
to this, ns yet, the best, cheapest, and safest of lights. 

But, to the attainment of this end, how many were the scientific 
problems to be solved, bow often bad the gas"makor to seek the 
assiBtance of the bcientific chemist, and to avail himself of the 
results of his researches, instituted (jri^inally perhaps for very 
difierent purposes ! ^^\^hat a dilTerenco between the gas with which 
Mr. Murdoch lighted up the Soho foundry in Birmingham, and that 
now circulating in the arteries of our nightless towns I 

The gas produced by the distillation of coal is not an nnifonn 
substance. Together with the prinei]>al illuminating constituents^ 
Jight carbonettcd hydrogen and olehant gas, many iither gases are 
evolved (hiring the diBtillatiou, some of which, e. g. hydrogen, tend 
rather to dhniuish tho illumiiuiting tjualitici^ of' the gas, whilst 
others, iv& ammonia and sulphn retted hydi-ogen are injurious to 
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health . Thi^ formed n Bcrious obstacle to the adoption of coal-gae 
as a domestic light. By the aid of chemistry, the composition of 
coal-gas was ascertainedj and the nature of its constituents, useful 
and deleteriouB, determined. Founded on the knowledge thus ob- 
tained, means were devised for the separation of the latter; the 
temperatme was indicated, at which the purest gas comes over 
during the process of distillation, whilst for the improvement of 
gas less rich in illuminating constituents, the beautiful and eco- 
nomical process of naphthalization was suggested. Aiidj linally, 
simple and tdegant burners were coatiived lor the safe and eco- 
nomical combustion of the product. 

The extent to which the use of gas has affected the ai'ts and manu- 
factmos in this country, can only he conceived by those who are 
aware of its innmoerable applications in the double capacity of 
giving heat and light. The benefits afforded hy gas to our experi- 
mental chemists cannot be overrated, more especially in England, 
where the price of spirits of wine was at one time so exorbitant* 
But for the use of gas in the laboratorj', the progress of chemistry 
in this country must have been greatlj" retarded* 

In s])eaking of the general iiiEnence of the manufactm'C of coal 
gas, it is impossible to leave unnoticed the number tjf hands daily 
engaged in raising whole strata of coal, and in loading and navi- 
gatiug the fleets employed in conveying it, not only to the ditferent 
ports of this kingdom but to foreign countries, which consume a 
much larger quantity of English coal for the production of gas than 
is generally known. ^Fhe extension of the giis enterprise piodiiced a 
sensible effect on the iron works hy the vast luonhii* of letoris, the 
stupendous gas-holders, and the endless pipes, required for gene- 
rating, storing, and conveying the gas. Several otbtr hrimches of 
trade were also forced into increased aetiviLy ; and uvlu new tradcji 
sprang np in eonsequeitce of the extended use of gas. The sub- 
stances produced in the paiilication of gas naturally attracted the 
attention of the gas maniifactmer ; and chemistry soon pointed out 
valuable purposes to which they might be ap])lied. The oily matter, 
which is separated as? a secondary product in the distillation of coal, 
has been the subject of vimous chemical researches, amongst which 
must be singled out the elaborate* investigation of Charles Msmsficld,* 
a j^oung chemist of extiaordinary jiromise, whom a cruL'l fate toro 
away too early from science and his friends. His researches 
fihowed the more volatile portions of this oil to consist chielly of 
benzol, an interesting coinnouiid discovered some years previously by 
Faraday. The histoij of benzol alone and its uses, would till a little 
volume. Capable of undergoing in the hands of the chemist an 
endless number of proteus-liko tT"an.»^fonnations, this substance has 
not oidy assisted the progress of science itself, but given rise to new 
and important branches of industry. Let me reinind you that benzol 
is the most conyenieut solvent for caoutchouc, that, as an agent fur 
renioving oil and grease, it has become an ordbiary household article, 
that in perfumery and in confectioueiy we use it as a substitute fur 
the essential oil of bitter almtmds ; Irt me remind you, lastly, that, 
converted by a succession of chemical processes into aniline, it has 

♦ Charity Blacliford "Mnn^lilt'lil iliod (Ftb. 1853), n vfetim of liia sclent iftc zral, in 
t'ouseqiiiinfe of aa acoitkiit wliich hjtpiw?ncd l<j liini whilst he ivas crtpnieted in experi- 
TTifnUiiiPf with bon?.oi. The mewDrj' of this .vouui; man, in whom inleirLCtual powers of 
tliG liiKlifsl order Avere wonderfully blended wilh tlie mrc^t aifta of the hoart, will be 
clicrblied by all tbosf who had the good fortune of mectuig him during his sliort but 
useful career. — A, W, H. 



given rise to the productiou of those beautiful rnauves^ purples, and 
crimdoiis in which the lovelier poz^ou of mankind is now indulging to 
the exclusion of almost every other colour. I^or have the other pro- 
ducts^ of the distillation of coal, which accompany the benxol, proved 
less UBcful ; t^e liquid distilling at a very ni^h temperature was 
found to be an efficient preserrative of timber, and the pitchy 
residue formed the chief ingredient of an excellent substitute tor the 
flag-stones of our pavement, while the ammoniacal liquora were 
found useful in improving the fertility of land. Thus, after the 
lapse of countless ages, was the nitrogen of petrified fern foresta 
resuscitated in the ammoniacal liquors of the gas works, to regetatc 
once more, and increase the produce of our com fields. 

In giving you a brief outline of the influence which the study of 
ohenustiy, by the development of the manufacture of sulphuric acid 
and of coal gas, has exerted on the progress of civilization of the 
present time, I have selected as illustrations two branches of 
mdustry, which are essentially of modem growth. Let us now 
glance at the benefits conferred by the development of chemistry on 
some of the arts, which formed the legitimate pride of antiquity. 

Take archUeeiure as an example. In Rome this art had reached 
the highest degree of perfection. The temples, the theatres, the 
aqneducte of the Roman architects, half ruined as they have been 
handed down to us, are justly admired as glorious monuments of their 
taste, of the vastuess of their conception,— of their constructive 
powers. It ia generally believed that tne Romans have been the in- 
ventors of the ordinaiy mortars, some of their earlier buildings being 
constructed without the intervention of mortar. They certainly dis- 
covered the hydraulic mortars, which they snbaequentl}- used in all 
their marine buildings- The material origirmllj used by the Romans 
in the preparation of hj* draiilic mortars, was the volcanic rock which 
alx>unas in the neighbourhocKl of Yesu\dus, more eypecially near the 
town of Puteolit the Puzzuoli of modem times. Ground to a fine powder 
and mixed with slacked lime, the dust of Puteoli, pitJvis rnfeola7ius, 
•has the remarkable property of hardening under water» AVhen tho 
Romans penetrated mUi Germany, they fonnd the same material in 
the valley of the Rhine and in the volcanic districts of the EifeL For 
nearly 2,000 years the rocks of Pnzzuoli and the trass -quarries of the 
Rhine were the only sonrces from which this valuable article could be 
derived. It was reserved to the science of our own age to nnravel the 
mystery of hydraulic mortars. The attention of ecientific inquirers 
was forcibly drawn towards this subject, when, at the close of the 
last century, Parker and Wyatt made tho important discovery that 
the calcareouH nodules, which are found in the clay of the London 
basin may be converted by simple burning into an excellent hydrau- 
lic morttir which had moreover the advantage of requiring no addition 
of Itmo. Patented in 1790, this discovery led to an important branch 
of industry' — ^to the mnnnfacture of *^ Roman cement/' The question 
of liyd ran lie mortars had entered upon a new jihasse by becoming 
the snbjci t of scientific investigation. Geology and chemistry were 
appealed Uk and it was not long before a satisfactory answer was 
tibriiiiied. Hevoral oliservers have participated in this examination, 
but it yviis not until a prize, propotied by the Society of Harlem, 
cdicited in IH2B the classical inqniiy of Fuchs, and based the ]iro- 
duction of artificial hydraulic cements ujx»n a scientiJic foundation. 
It would transgroBS the limits of tbia fugitive sketch were I to trace, 
stop by step, the gradual development of tho chemical theory of 
hydratdic cements j the question has been very ably discuasea by 



Prof. Fetteiikofer,^ who in our own days bas materially asBigted in 
the final elucidation of this subject. Suflice it to say that tke con- 
ditions iuTolved in the solidification of water- mortars are now known, 
and that every coiintry posseasea the materials for the artificial 
production of what waa once the monopoly of the bay of Kaples and 
the valley of the Rhine. 

I might go on for hours quoting illustration after illustration, but 
I must limit mTself to pointing out a few of tho advantages whicb 
the moat important branch of human induBtry, afjricuUtire, owes to 
our science. At an epoch when the resources of the agriculturist 
seemed almost exhausted, cliemistry offered her hand, to lead him 
np a new ascent of improvements* An accurate study of the com- 
position of plants, taugbt us the actual nature of their food, — that it 
waa partly obtained from the atmosphere, and partly from the soil- 
It taught, likewise, that while the nutiumeut derived from tho air 
(identical for all plants), is continiially restored to it by the never- 
ceasing processes of respiration, combustion, and puti^e faction; the 
mineral aliment (varying with each vegetal species), is drawn from 
a source which is liable to exhaustion. The knowledge of tho im- 
portance, to the development of plants, of a due supply of their mine- 
ral constituents, implied the recognition of the necessity of faithfully 
restoring to the soil such inoi'ganic matters as are removed from it 
in our crops. This principle sealed the pledge of alliance between 
agriculture and chemistry* To keep up the fertility of his fields, the 
cultivator of tho soil had to make himself acquainted with its 
general composition^ as well as with the nature both of the particular 
Bubstances, which he is annually extractting from it, and of those 
with which be must supply the loss* For each of these purposes the 
aid of chemistry became indispensable to the farmer, Davy*s 
excellent work on agricultural chemistry first called the attention 
of the more intelligent British fiirmers to the value of chemistry in 
the im pro vera ent of their art, but it is only within the last twenty 
years that the attention of agriculturists has been generally directed 
to the subject, more particularly by the works of Liebig and 
Bonsaingault. The nature of manures once clearly defined, almost 
every agricultural improvement at which practice had ai-rived by 
elow degrees, received a satisfactory explanation, whilst a variety 
of improved applications necessarily suggested themselves, Tho 
principles of fallow! tig and of the rotation of crops, and the theory 
of soil-burning, are no longer mysteries j the action of lime, of 
wood a^hes, and of bones is now perfectly intelligible. In this 
country, too high a value cannot be set upon the discovery of new 
sources of material convertible by the fanner into human food. 
Chemistiy has put us in possession of the excreted wealth, which 
centuries had accumulated in the islands of the Pacific ; and if the 
means which it has suggested for preventing the enormous waste 
of valuable matter perpetually and irTevoealdy swept away by 
the Thames and others of our large rivei^s, have not as yet 
been perfectly successful, it has enabled ua to substitute for 
natural manure, artificial products, for the components of which 
the refuse of every trade and manufacture is now carefully sifted. 
Perhaps there is no more striking illustration of the value of the 
aid which agriculture has derived from her new ally, than the 
success which of late has attended the search for mineral manures. 
This search, directed by the philosophical interpretation of a few 
I isolated facts, has been rewarded by the discovery of considerable 
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quautities of pliosphate of liilie in vaiittus parts of England ; tiius 
realizing the prophetic anticipation of Liebig, that **in. the remains 
of an extinct animal world, England is to find the means of in- 
creasing her wealth in agricnltnral produce, as she has already 
foimd the gi^eat support of her manufacturing indnstiy in fossil fuel, 
the preserved matter of priiiicval forests, the remains of a vegetal 
world." 

Nor is the increase of his vegetal protluco the only object in the 
pursuit of which the farmer relies npon the coimsels of the chemist ; 
jn the feeding and fattening of his animal stock, he stiinds in no less 
need of his instruction. 

And here we may briefly allude to the benefits, wKicb pJtysioloiju, 
^lathoioijtf, and hiedttune in general, have derived, and mut?t still 
further derive, from the proHCcntion of chemical inquiry* The in- 
veBtigation of the food of ]>lanta was followed by a no less vigorous 
scrutiny of the food of animals* The materials consumed by ani- 
mals w ere shown to fulfil t^vo distinct purposes in their economy, 
enabling us at once to separate int«3 two distinct classes the subBtances 
supply ing,^each respectivelv,— the aliments of nutritioji, and those of 
respiration. In vegetal fibrm and albumen, we became acquainted 
with a group of nitrogenous compounds, -which we find again in the 
animal organism as the chief constituents of the blood. These ma- 
terials, prepared by vegetal life, the herbivorous animal receives 
and assimilates into its blood, to supply the constituents of its different 
organs and strnctnres. 

Agam, we liave a series of substances, such as fat, sugar, gnnij 
starch, &c., which, though not truly to bo called nubiments, as hav- 
ing no part in the construction of the body, are no less essential to 
tho maintenance of life. These substances serve the process of res- 
piration ; combitdng w^ith the oxygen inspii-ed hy the animal, they con- 
tinually compennate tho loss of temperature^ and thus become tho 
source of animol heat. Ajid here presents itself one of the most 
interesting subjects for contemplation, — the animal organism in ita 
relations to the siuTounding atrnosphc^re. The full appreciation of 
the cS'ect of au^ and temperatui e on the animal system, wus a most 
important step towards a true nnder standing of the conditions of 
health. A vast number of diseases originate in disturbances of the 
relation between tho living syBtem and these infiuences, the intimate 
knowledge of which alTords to the physician the sim])lest, safest, and 
most efiicient means of presei'ving health atid of curing disease. 

Valuable us have been the fruits of chemical inquiry, still more 
may be expected from the forther prosecution of this "study. The 
notion that the action of most of our medicines h chenn'caL is daily 
glowing into a general conviction* We admit that with every 
change wi-ought by pharmaceutical agents in the state of our 
organism, there occurs a corresponding change in its composition, 
resulting from their reaction on one or more of its constitu- 
ents. But of these tTansibnnations, wliich doubtless could 
bo expressed in numbers as definitely as can our laboratory- 
processes, how few are we in a condition to exjilain ; in how few 
instfl.nces has the physician even a \^agn.e conception of the mode in 
which any medicine performs its office ! Kobody doubts the power, 
which the principles of the Cinchona bark, or of tea and coffee, exert 
npontlie living body, but we are perfectly io tho dark as to the way in 
which they act uiion the animal economy. But if we meet with a series 
of similar substanceB in several animal fluids : e.g., urea and creutin*^, 
almost constantly present in urine, gb/cocoll generally, and cjfstine, 
occasionally, excreted in the same liquid, and if we find that all these 



substances exhibit m their chemical relations a close analogy with 
munine and thelnet we begin to feel a sort of anticipation of the manner 
m which these agents mny act npon the system. Such examples 
illustrate at once the nature of the aid which therapeutics may 
confidently expect from the progress of organic chemistry. Me- 
dicine some years ago found itself in a predicament very similar to 
that of agriculture at the same period ; its resources appeared to be in 
a state of exhaustion, the rich capital of fact« accumulated in tlie de- 
partment of organic morphology by the industry of the anatomist, and 
by the acnmen of the physiologist, could not yield its full fruits until 
an equivalent of knowledge had been drawn from the study of bio- 
chemical phenomena. This state of things, however, iir* rapidly 
changing ; associated with chemistry, medicine no longer draws the 
veil of vitality over processes, the mystery of which may be unlocked 
by the key of analysis ; it no longer ahi'iuks from climbing, step by 
step, the ladder of recognition, because its upper extremity, dis- 
appearing among the clouds, seems to rise for ever beyond the 
grasp of inquirJ^ The special zeal witli which the held of organic 
chemisti-y has been enUivated dui'ing the last thirty ycara, the 
simple and accurate methods which we now possess for determining 
the composition of organic products, the amomit of analysis actually 
performed, and, more than all, the still untiring energy of the 
numerous labourers in the same field of investigation, hold out the 
promise that the connexion between medicine and chemisti-y, be- 
coming daily more intimate, will be productive of benefits, the 
importance of which we can scai'cely venture to estimate in the 
present state of our knowledge. 

I have thus endeavom cd to indicate some of the most remarkable 
features of the new field, into which the present generation has been 
conducted by the study of natural science, and especially of chem- 
isti'y. I have tried to skctcli the prospects, which a continuation of 
these labours promises to open before us. It remains to nie now to 
consider the cultivation of chemical science nnder its other equally 
important aspect, as the unfailing source of the purest and highest 
intellectual enjoyment, and as a means of mental training, more 
effectual perhaps than any other discipline. 

If ]>oetic antiquity endowed with a new soul him who learnt to 
speak the language of auother peo]>le, how shall we find a tit term 
tro express the sharpening of our percex>tion, the enlargement of our 
views^ the opening of a perfectly ne^v sphere of vision, aeoming 
from the actpiisition of a language which unfolds to us the compre- 
hension of nature ? Phenomena so common that we are accustomed 
to pass them by almost with indifierenco, how arc they changed, — I 
might say eimobled, — by the light that science has shed over them I 
True it is that the guiding hand which, according to immutable 
laws, rules over the economy of nature may be recognised without 
the aid of science. It is visible to everyoue who, with an open eye, 
looks mto the world ; but no one familial' with the mutual rotations by 
which nature's phenomena are linked together, conld deny that witid 
each step forward in the field of research, the conviction becomes 
more deeply rooted, and that each new observation discloses a new 
source of the most elevated contemplations. 

When glancing, in a former portion of this lecture, at the benefits 
arising to agriculture and medicine from the progress of chemistry, 
1 have already hinted at the inquiries which have for their object 
the examination of the chemical comlitiona of vegetal and animal 
life, and at the light which they have thrown upon the true nature 
of rei^piration and nutrition. I am incihied to look again at these 



inquiries from « different point of view. They have taught us that 
animal respiration is a true procesB of combustion ^ in order to 
secure the necessary warmth, we have to burn at every moment a 
port of our body ; tins source of heat lasts so long as w© supply 
to the seat of combustion continually renewed fuel ; so long as the 
alternation of breathing maintaiDS the supply of the necessary 
amount of oxygen, and accomplishes the removal of the products of 
oombustion, i.e. of water and carbonic acid. With each respiration 
the animul robs the atmosphere of a certain quantity of oxygeui 
and introduces into it a proportionate bulk of carbonic acid. If we 
consider that the endless processes of oombustioii, carried out for 
domestic purpofies and for the purposes of industry, produce the same 
effect ; that, lastly, the transformations of organic matter, which 
we designate as putrefaction and decay, are, in many respectSj 
nothing but prooesses of slow combustion: it is evident that the 
unlimited coiitiiinanoe of these conditions must gradually involve a 
change in the conatitutiou of our atmospfeore. Such a change has 
not yet been observed. It has been justly argued that the immense 
space of tho atmosphere necessarily renders changes of this sort 
extremely slow, that our analytical methods are not sufficiently 
accurate, that our experiments do not extend over a sufficient length 
of time ; nevertheless, who could fail to perceive that the compen- 
sation is fumiahed by the difference of conditions which govern the 
life of the plant in contradistinction to that of the animal ? With 
itfi leaves, as with so many lun^s, the plant withdraws the carbonic 
acid from the air. Under the influenco of sunlight the carbonic 
acid splits into its constituents— the carbon is emploved in liuilding 
up the plant, whilst the oxygen is retnmed into the atmosphere. 
The plant ia refeiTcd, for its support, to the com^^ound which the 
animal ejects from its organism as no longer serviceable for the 
purposes of its life ; but it requires only a part of this compoimd ; 
the rest is set free, again to take part in the development of a new 
animal generation. 

How simple and bow wonderful are tho means which nature 
employs to fulfil her least, as well as her greatest designs I 

A mine of interesting considerations is opened by the phenomena 
to which we have slightly advoT*ted. Ihe cai^bon of the plant 
is derived from the air, in which it exists in the form of carbonic 
acid. The carbonic acid is, as we have seen, partly furnished 
hy the respiration of the animal ; but in combuBtion as in decay a 
supply of carbonic acid no less inexhaustible is secured to the 
atmosphere. But with how new a signification do these processes 
become endowed when we view them in relation to vegetal life I 
Combustion^ which suggests to the ordinary observer the idea of 
destruction — decay* which we are in the habit of considering aa 
the symbol of death, in the eye of the chemist are but changes of 
form bearing the germ of a new unfolding of life. Of all the 
changes which surround us in nature how different are the views 
we take, when once the study of chemical phenomena has convinced 
us of the indestructibility of matter, when once we have accustomed 
ourselves to consider, as fixed and unalterable, the sum of matter 
which, under tho influence of the forces of natme in the processes 
of vegetal and animal life, is capable of assuming so endless a 
variety of form I 

Contemplations of even a higher order have been attached to this 
recognition. No one is likely to deny the dajiger of ttttempting to 
refer the conditions of spiritual life to the laws of the material 
world, still, this speculation, which appears so consonant to o/dinary 
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I vconception, has been at all times indulged in. If in the gradual 

I development of the cell, of the org^au, of the animal, — each phaae of 

l-frhich, although fulfilling a definite purpose of the present, never' 

theless points to a future end as yet nnfuL&lled, — physiologists hswre 

aeen but a special case of a muck more general law, wMcJi governs 

likewise the unfolding and ultimate destiny of the human mind ; — 

can we wonder that in the indestructibility of matter (the medium 

^ in which all these transformations are accomplished without a 

Cticle of it being lost), ^chemical philosophers should with delight 
e imagined they had found a measure applicable to spiritual life, 
and that indestmctibility of matter thus became to them, a symbol 
of the immortality of the soul ? 

Thus we see emanating from the results of chemical inquiry a rich 
vein of considerations such as must be acceptable to every thinking 
mind; but these cousiderQtlons are by no means limited t-o objects 
of general interest. Ko depai-tment of knowledge, ^uo branch of 
Btudy, — can be imagined, but what might draw from tho stores of 
chemical experience important solntions and significant suggestions, 
We find abundant proofs of this assertion in the chemico-agricultural, 
and chemico -physiological inquiries of Liebig, the general results 
of whieh are embodied in his admirable "Familiar Letters on 
ChemiHtr'y." The merchant, the political economist, the statesman, 
the ethnographer, the historian, each of them finds in this book 
numerous questions, in which he takes a lively interest, elucidated 
from the chemical point of view. Let us select a few examples from 

[the superabundant material teeming on every page of Liebig*s 

^ letters. 

The ethnographer makes lis intimately acquainted with the manners 
and customs of different nations, but how seldom does he go a step 
farther and attempt to explain such maimers and customs (which are 
certainly not accidental) by referring them to the physical conditions 
of life of the respective nations, to the geographical situation, or the 

^ climate of the coimtries which they inhabit I We obtain the most cir- 
cumstantial accounts of the dietetics of difierent races, we learn with 
a sort of discomfort the small portions of, as we should think, unsub- 

' etantial nourishment which satisfy the inhabitant of a ti^opical country, 
while we lay arside with disgust the bill of fare of tho Esquimaux, 
informing us of the quantity of blubber which constitutes the chief 
ingredient of his meal. How clearly has Liebig proved the natural 
necessity for this difi^rence in the choice and quantity of food, by 
showing that it depends on the quantity of carbon, the comhuBtion 
of which, under given circiirnstanccSt is required for the preserva- 
tion of Bufiicient warmth I Wo have as little reason to admire the 
South for its moderation as to reproach tho North for its extraor- 
dinary appetite. Every one who has lived some tinio in a tropical 
climate recollects how his appetite diminished i whilst our Arctic 
travellers, as we see by their journals, become quickly reconciled 
to polar diet. It is well known, moreover, that the beasts of 
prey of the Ai^ctic regions considerably exceed in voracity the animals 
of the torrid zone. 

If the histormn inquires into the causes of the decline and gradual 
disappearance of the North American Indians, he is led to the 
perfectly correct conclusion, that a combination of circumstances 
must be involved in producing so striking a result* In any case he 
will learn with great interest the chemical conditions which are 
C5ontrifouting to this catastrophe. Viewed in the light of chemico- 
physiological experience, the extinction of the red population must 
he ascribed to the animal food on which the Indian, as hunter. 
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hm ttpeatltf to mlj. The nae expenmet h^^ m fiiei^ ta»^ 
n* ifcM B gi^^n sm^cm of land, wlieti sertiiig die purposes of a^fi« 
caltnre, is capable of mpporliiig s number of persons frtim 80 
t# ^ times greater than whai oorered bf forests inhabited bj m 
nation of htmters, '* Thus we see » BCaotr triT>e of Indians dispersed 
over immense tracto of hmiting groond^ which must be considerabljr 
extended with the slightest increaee of tbeir nomber ; and thus we 
ttoderatfttid the endless war&re which is decimating those red soi» 
of llie wilderaegs. It is no contest of principles, aa with a civilized 
people, which, sparing the conquered, grants to him an honourable 
peace^ bnt a mutnal war of extermination^the desperate straggle 
for the morsel of bloody fleph which, like the beast of his forests, 
th<^ Huron tears with hi§ teeth !" (Schodler.*) 

It would be esLsy to multiply examples of the same kind, but I 
w<m1d rather allude, in conclaj^ion, to the importance of the study 
of chemistry, as a means of education apart from the advantages 
jaccming from the acquisition of such a vast variety of positiFe 
imowledgc!), which I have eudeavom*ed to point out in the earlier 
parts of this lecture. 

Ko Olio doubts the influence which mathematical pursuits have in 
developing the mental powers, Ko one can deny that the precision 
of thought, thf* correct inference from given premises, essential to 
progrewrt in niuthf-matica, gradually becomes a habit, which is soon 
f rfttiHryrroci to intellt'ctual labour of any other kind. The mathe- 
inaiiciaii wtart?^ I'tom certain fundamental truth.«, which, without 
exteninl aiil» ko in ciipuble of €4aborating out of his own mind; and 
on ihiti bttHiti lie piles ii]», niop by titeji, tbo wonderful edifice of his 
BOiouce. It i» thin imturc-liko mode of construcfcion, disdaining to 
riit»n HiJotlii'r BtciiH^ before tin? |>rovious one is thorouglily secured, 
which cmiMlitnttJH the value of niu-thematics, as an element of mental 
training. 

Tho jmrMuit of cbcinical stndica involves no loss the development 
of ihi> rncnlsil p<>w< rw ; it lendn no less to precision of thought 5 it 
improves Jin Uhk Iho liitbit of ilraiving correct conclusions, which, 
om'o iitH\\u ri'fl. iw nn msUy trEmsferred to otlier fields of mental labour, 
CbcvniiNlry, an a ncionco, diircrs essentially from mathematics in 
tbiM (MK* rcn|Hi<'t, — that Lb*:; truths which are its foundation cannot be 
drawn from th<^ lujinan mind itself These truths are external to 
our iniufti antl <mn only be obUiiiied by careful observation of the 
fMitiM' world ; init, once our mental property, these experience- 
'atbrrcd trudtN allbrd a foundation equally adapted for the nature* 
.iko uiibilding uf a system of conclusions, -which arc not less 
Injflt'ully linkfHl togotbor than the conclusions of the niatbematician. 
Thv cbiuniHtbaf*. liowcvcr, this advantage over the latter :— whereas 
thii Triatbcunvl it^ian has to find the guidance of his steps within him- 
Hcir, tbLM'hurniHtfKJssOHHCH in nature a minor which, duly questioned, 
lit ft'vnrv niniiuni rtnidily inforrns him whether lie is still advancing 
in tho rigbt dirnftinn. 
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Probably no living man has a thorough knowledge of any particular 
science in all its branches. Each has grown so large, that if, instead of 
special research in one division of a sumect, a man were to devote a life- 
time to the mere acquisition of knowledge he would yet fail to master his 
science in all its hearings, especially now that so many of those lines of 
demarcation are broken down that of old were supposed to divide the 
sciences. Somewhere or other they merge into each other, and it is 
therefore often essential in working a subject to draw largely on 
others that at first isight might seem to have no immediate connexion 
with it. And did a man always foresee what he has to overcome in 
acquiring a sound and extensive knowledge of any science, before be can 
be in a position to extend its bounds, he might, perhaps, be so startled as to 
give it up without a trial ; but, fortunately, most persons likely to excel 
commence their work, impelled thereto by an irresistible natural tendency, 
and are thus unconsciously carried on till they master their subject. 
Then, if possessed of sound judgment, united with the inventive faculty, 
these men may carry research into new regions, and advance our know- 
ledge by their own personal exertions. Let all who feel it in them, start 
with this standard of what they have got to do, and though com- 
paratively few reach a point so high, the mere acquisition of that 
knowledge which expands into the discovery of truths, new to them 
though sometimes ola to others, will more than reward them for all their 
labour. Such is the not unenviable lot of the greater number of students, 
and of those earnest teachers who must in general be satisfied if they 
can appreciate the general bearings of a science, and know one or more 
of its branches well enough to be able to talk about it truthfully and 
clearly for the instruction of the ignorant. 

The best method of doing this for geology is, I suppose, what many 
here wish to know, viz., how to learn the fundamental principles of the 
science and how to teach them, and this I will now briefly explain. 

Geology as now understood has been defined to be the history of the 
earth, animate and inanimate, and in this sense it includes so much that 
no man can hope completely to master its details. Let any one turn over 
the pages of the Journal of the Geological Society, and there he will find 
a wonderful subdivision of labour on subjects chemical, mineralogical, 
physical, botanical, and zoological, in many branches ; and in first-lass 
manuals he will find the results of these researches summed up by 
p^oQs who, with much knowledge of their own, know also how to avail 
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themselvea of other peojile's work. But by far the f?reater part of such 
a journal is occupied unth one set of f|iiestions, viz., those that concern 
tbe structure, mode of formation, and order of the rocky masses that 
form the crust of the earth, together mth lists, fibres, and descriptions 
of the fossils they contain ; and till much more of the world had been 
aecuratelv examined and pfcologically mapped this will necesi>arily con- 
tinue to be the branch of the subject most widely cultivated, for it forms 
the foundation of the whole science. In ordinary tennSj when the word 
geology is mentioned, this is what we think of. 

A competent knowledge of geology is of great use in several profes- 
sions, and some persons (but as yet tar too few) commence the study of 
geology for professional purposes alone* Some are led into it inadver- 
tently, their own peculiar Bcience— perhaps of chemistry, botany, or 
zoology, — trenching on its borders ; while the majority are at drat led 
to investigate the grounds on which the con elusions arrived at by geo- 
logists are based, from mere curiosity, llicy wish to know *' if tliere is 
" anything in it ;" if tbe world is really so very old, if it is a fact that 
numerous races of strange animals have become extinct, or if it is true 
that the living cariiivora are the successors, and some of them tbe direct 
descendants of others that appear io have existed long before the creation 
of man; and some aBiong these inquirers, finding that the fundamentrd 
principles of geology arc well based and sure, begin to work practi- 
cally for themselves, and led on by degrees, end by becoming active 
workers and perhaps discoverers m the science. 

The chief use of scientific instruction in the lecture room is to teach & 
man how to teach himself. It is true that listening to clear familiar 
descriptions and sound opinions from a good teacher, espeeiaUy in after- 
lecture con ver cation, clears away much of the rubbish that to beginners 
often obscures the subject. The listener may thus learn to feel the logic 
of tbe question J and see some wTiy into its principlea; but, after all is donCj 
turn the lecture-tnught geological student loose into the field among 
tbe rocks, and in practical matters he is little less ignorant than before. 
In spite of all the specimens on tlie lecture-room table, he is probably 
unable to give the lithological or geological name of a single rock he 
sees, he cannot " take a dip " or " a strike," and the physical struc- 
ture of the plains and biEs — the reasons why the^ are so — are sealed to 
him, till by practice be is enabled, as it were in his tnind*s eye, to take 
a bit of the world miles in extent to pieces and put it together again. 

For tbe aysterflatic acquirement of geological knowdedge, the first 
thing, then, that the learner has to do is to acquaint himself with the 
Hthohgical character of rocks ; that is to say, with those peculiai'ities of 
structure which indicate more or less the manner in which any par- 
ticular rock was formed. This to some extent may be done in tlie 
cabinet by the aid of a good collection of specimens. Frequent 
examination, and, if possible, much handling of such specimens, will 
enable most people to distinguish betivTen icfueous rocks — the products of 
heat— and aqueom rocks, or those formed under the influence of vniter. 
Here and there difficulties occur, rendering it puzzUng to determine to 
whicli class a specimen may belong ; but these are exceptional, and in a 
large ymj the distinctions are always obvious. If, for instance, I compare 
the specimens on the t4ible before me, it is evident that each has certain 
structuial peculiarities native to itself. One specimen evidently consists 
of two distinct dark green and whitish substances mingled together. 
When attentively considered, these are seen to have a crystalline aspect, 
and if I appeal to » mineralogiat, or work up my own knowledge of mine- 



ralogy, I soon discover that the dark substance is hornblende and the 
light one felspar. Furthermore, if I compare the whole with certain of 
the rocks of a modem volcano, the formation of which we may perhaps 
have experience of, or the i>osition of which establishes their oriffin, I 
find that with some of these it presents analogies so strong that I 
readily come to the conclusion that they were both the result of fusion, 
the crystals having developed themselves during the process of cooling 
and consolidation. A great number of the crystalline rocks, experience 
soon teaches us, necessarily come more or less imder this category, and 
those that do not (such as the crystalline limestones) a more advanced 
stage of geological knowledge easily separates from truly igneous rocks. 
Again, if I iSke these three specimens, I observe that their base is 
amorphous, that is to say, it consists of a consolidated pasty-looking 
un crystallised mass. What do we know of their manner of formation ? 
This is a fragment of the slag of a StafiPordshire iron furnace — ^an arti- 
ficial lava— the result chiefly of the union of the residual silica, alumina, 
and iron of the ironstones with the lime cast into the furnace as a flux. 
It ran out of the tap-hole in a molten state, and the formation and 
expansion of certain gases formed roundish cavities in the mass, just as 
the fermentation of yeast blows out a loaf of bread. Here is another 
specimen fi^m the lava stream of an active volcano, showing similar 
cavities, and at first sight scarcely distinguishable from the slag ; and 
here is a third from the flanks of Cader Idris, where no volcano has 
blazed for indefinite ages, but of which a higher point of knowledge after- 
wards tells the learner, that volcanic phenomena were rife there in one of 
the earhest known stages of the world's history. In two of these cases 
actual experience tells us, and in the third the eye entitles us to assume, 
that the rocks from which the specimens were broken were oriffinally 
formed approximately in the same way, viz., by the influence of heat, 
and that, while still soft and pasty, cavities were formed in them 
by the expansion of gases, which cavities in the old Welsh rock were 
afterwards filled up by the infiltration of lime in solution and its 
precipitation as carbonate of lime. If I examine a fourth specimen 
It is evident that, except that it is a stone, it bears no resemblance 
to the others. It is neither amorphous nor crystalline. On the 
contrary, when examined with the magnifying glass, it is found to 
consist chiefly of a number of half rounded grains of sand cohering 
together. Further, it is streaked in different colours of black and gray, 
the black being carbon or coaly matter, and the grav grains of quartz ; 
and this other piece of rock is evidently composed of rounded pebbles, 
such as one sees loose on the sea shore, but in this case firmly agglu- 
tinated together. We call the first a sandstone and the second a con- 
glomerate, and the appearance of the latter informs any one who has 
considered the subject, that the pebbles are rounded like those in many 
a running brook, or on the sea-beach, where the breaking waves rattle 
the stones against each other, and by attrition wear away their angles. 
In the sandstone the grains of sand are also like those on the sea-shore ; 
and moreover they are stratified or arranged in layers, like the successive 
deposits of silt, for instance, at the mouths of some rivers, or anywhere 
else where sediments fall from a state of mechanical suspension in water. 
The third specimen we know to be a marine-formed limestone, for it 
consists in part of sea-shells, it is easily scratched with a knife, it effervesces 
with an acid, and if burnt it becomes white and then crumbles into 
powder on the application of water. These three specimens are thus known 
to have been taken from aqueom or stratified rocks, easily distinguish- 



able from the {ffneoun specimens first described; and so, even in the 
cabinet it is possilile to aecjnire an empirical knowlcdfjcof rocks, wbicb 
bas an nnnu'diate tliouffb limitt'd value wbcn any one takts bis first 
leasoiis in the field ; Ijcsides wliieb, it is at all timea of use to stu- 
dents, and f>ftf n to advanced ffcobi^ists, to lefresli tbeir memorieB und 
increase their knouded^e by tbe examination of mineral ogical and geo- 
logical specimens in private cabinets and in public museums. 

But wbco practicable it is nmrc instructive to acquire a first acquaint- 
ance witb rocks by the personal collection of specimens in tbe field, for 
tbe collector may at tlie same time acquire mucb knowledge of tbe 
manner in vvbich rocks tbcmselvcs occur in nature in lar^re masses, 
ifaiiy country people, especially those en^o^ed in mines and (pmrries, 
bave tbus an extensive, thou^^h generally crude and empirical, knowledge 
of tbe behaDiour of tbe rocks of tbcir own distiict, and it is indeed quite 
remarkable bow some of them, without bein^ aware of its larger meaning, 
have a tolerably accurate perception of the physical relations of the strata 
of their own parish or county, This arises merely from those habits of 
observation sometimes induced by their occupations, and witb a larger 
groundwork of knowledge tbe geologist omst set to work somewhat in 
the same w*ay. 1 first acquired ray own knowledge of the geological 
atnicture of a country by an accident, and I cite this example, not as 
anything unusual, but as one nith which 1 auj necessarily most familiar, 
and which may be of use in showing how a certain amount of knowledge 
may be acquired. My curiosity having been excited by the desire of know- 
ing what there was in this science that so completely remodelled people's 
notions with respect to the antiquity of the world, a little reading and 
much thought soon settled the question, as far as uTitten testimony could 
go, I wished, however, to see for myself the actual evidence on which 
geologists founded tbeir conclusions, and it ha])pened that in prepara- 
tion for a meeting of the British Association at Glasgow, a committee was 
formed to construct a geological map and model of the island of Arran, 
of which I was ap|>ointed a membcT. Circumstances tbi-ew the whole of 
tbe work into my hands, for the illustration of tbe subject I fust 
undertook to collect specimens of all tbe rocks of the island, undeterred 
by tbe circumstance that when 1 took that responsibility I scarcely knew 
one rock from another. Still I knew that I could wielJ a hammer, walk, 
and carry well, and with much labour, exploring eiery hiO and valley, 
I collected a great ninnber of specimens, studied and arranged them by 
tbe help of tbe descriptions that existed, and in doing so, while still 
walking and working, the [jhysical relations of the rocky masses to each 
other gradually dawned on my mind. I thus learned their order of 
superposition, partly realised the meaning of the granite and the 
mctamorpliic gneiss and mica schist, saw the nature of the common 
igneous rocks and the alterations produced by them, and by and bye, 
growing bolder by experience, 1 was able to take advantage of the 
accident that the other members of committee let the subject alone, 
and I constructed a geological model and a maj) of the island on a 
scale mucb larger and more detailed than the only ma)i that bad 
preceded it, accompanying these with a book of geological description. 
There was nothing in tliis but what any one of ordinal y sagacity might 
have done, whose bent lay in the direction cf geology, and 1 merely 
mention it to show that a tonsiderable amount of geological knowledge 
may be acquired by the method ] now reconnneml. In fact as soon 
as a man understands the doi'trine and nature of stratigraj»hical 
succession nnd superposition, not from descriptions and sections 



engraved in manuals^ but on the ground itself, he has made a great 
advance. Without it he may help in the solution of accidental questions 
in geology that may be raised in physics, chemistry, or natural historv ; 
but till he practically reaUzes the theory of superposition in the field, he 
can have but an imperfect idea, even of the meaning of a drawn section 
in a book, and he cannot understand the simplest geological map. 

I have sometimes been accompanied in geological field-work b^ men 
of high reputation in other sciences, who seem incapable of realizmg in 
their minus what may be called the solid geometry of the stratified rocks 
of a country (that is to say, the relative positions of the strata to each 
other) except in cases where they could actually see the order of super- 
position of scraps of the country in natural sections or quarries ; but, as 
a general rule, most men of moderate capabilities, can by degrees make 
out and understand the structure of any country in which the strata 
have not been thrown into great confusion ; and, with constant habit, so 
acute does the eye and mind become in geological observation, that the 
practised observer will make out at a glance facts explaining the geology 
of miles of country, where an ordinary eye would see nothing but wet 
and dry slopes on a hill-side, or a chaotic jumble of incomprehensible 
rocks. 

To learn a first lesson in this art, the best way is to procure a 
good geological map, and walk about the country with the map in your 
hands, comparing as you go the colours on it with the rocks that crop 
out to the surface in quarries, sea-side and hill-clifPs, brooks and river 
courses, road-side and railway cuttings, clay and marie pits, foundations 
of houses, well-sinkings, pit shafts, and even a new made grave in a 
churchyard, or a fresh molehill sometimes prove useful. 

Several of the small geological maps of England and Wales and of 
Ireland are of some use for this exercise, especially those accompanied by 
good coloured sections, but for the purpose in view, I would specially 
recommend the maps constructed and published by the Geological Survey 
of Great Britain and Ireland. I recommend them, first, because the 
work was originally surveyed, and is published on an unusually large 
scale (the one-inch sheets of the Ordnance survey), and this sale, and the 
pains taken with them, ensured the mapping of the formations in a style 
of detail next to impossible for any but a government survey. Further- 
more most of the sheets are accompanied by illustrative sections running 
right across the maps, and themselves explaining the order of the strata, 
the faults, and the nature of the igneous rocks of the district ; and lastly, 
because their price is so moderate, that most persons could afford to 
buy the sheet or quarter sheet of the country that Ues in his own 
neighbourhood. AVith such a map in his hand, a hammer, and if 
possible, a common compass and clinometer, any man may make a most 
important step in geological knowledge in a comparatively short period, 
by following the rocks on the ground, and constantly comparing them 
with the hnes on the map. He will thus by degrees realize the reasons 
that induced the geologist to distinguish certain strata by different 
colours, and much may be learnt in this way, even if all the time he have 
to spare for the subject were included in accidental walks in the pursuit 
of business or recreation. 

I have here on the wall five of these maps pasted together, comprising 
a portion of the old red sandstone of parts of Herefordshire, Monmouth- 
shire, and Gloucestershire, the coal basin of Dean Forest, the Bristol 
coal field, the New red sandstone and marl on both sides of the Severn, 
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tojafether with purts of SomePBetahire and Dorsctj and the lias ftnd Oolitic 
rocks on the emi heiwten Dursley, Bath and Bnitt>n, and on to the 
coast west of Portland BilL I wiD endeavour to ex]>lain how I would 
set to work if 1 were a stranger in that countiy and wished to under- 
Btand its structure hy help of the lufeolo^cal map. The most ohvious 
manner of finding out the physical o^der, (if there he any), of the rocks 
coloured hrowTi, yellow and green on the map, is the coast of Dorset- 
shire, where on the hi^h sea-cliffs masses of different coloured sands, 
clays, and limestones range along the shore, and on the hills inland, 
somewhat in the manner shown in the followin|r diagram :^ 

No. 1, 



The horizontal line at the hase represents the level of the seashore, 
and the undulating hue, the surface of the country ahove the cliffs. 
Ohserve how each formation in succession, from No. 1 to No. (J, " crops 
'* out '■ or rises in the cliff to the surfuee towards the west, and dijjs 
down under ground eastward, Inhuid, you cannot^ of course, see this 
prolongation of the beds under ground to the level of the sea, hut 
narrow strips of strata of different kinds ran^e through the fields, anrl 
you would be obliged to infer the undergronnd prolongation of the beds 
to the east, or to sink a shaft and find it out, in which case you 
would find the inference to lie correct; hut here on the coast you 
are sure of it, for the sea waves have cut hack and laid bare a Kectio}} 
of the cmintry^ which enables ms to inspect its inner structure. On 
the eust, there is a rock that everybody knows hy sight. It is 
Chalk, and if you get upon the top of the escarprtient at 1, you 
can walk along its edge with a few interruptions all the way to Flam- 
horough Head in Yorkshire^ and far eastward to the coasts of SMsse3f» 
Kent, and Norfolk. But Nos. 2 and 3 are &een going under the chalk 
on the coast, aud tliough an unpractised person would find it difficult 
to trace them all the way between, they are equally plain coming cnit from 
beneath the Chalk of Plaraliorough Head, aud on the sea coast of Kent 
and Sussex, near Folkstone and Eastbourne. The inference is plain that 
the Chalk lies like a great cake in places from 600 to 1 ,200 feet thick, on 
the top of the underlyiug formations shoT^Ti in the section, so that if 
you wtm to bore through it either in Yorkshire or Dorsetshire, and in 
most places between, you would come to the particular strata that in 
Dorsetshire we see cropping from underneath it on the coast. The same 
kind of reasoning applies to the other formations west of No. 3^ and a 
skilful geological mapper can souietiraes with difficulty, and sometimes 
easily follow them inland far to the north, ivbcre in many broad and 
narrow winding lines they crop to the surface in the plains and the sides 
of the kills. But to the unaccustDmed eye the manner of doing this is 
not so clear, and I shall now endeavour to make it plain how I w^ould set 
to work to find out the geological structure of a bit of ground in the 
heart of En o laud, where natural sections are fewer and more obscure 
than those on the coast. 

We will start mth the neighbourhood of Bath, north of which there 
is a well known hill called Lansdown, flat-topped and on all sides 
surrounded by valleys. The question is, of what materials is this hill 
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composed, and how are they arranged ? All round it in the valleys 
at its base, I find clay, brown at the surface, but blue where well 
dug into in pits or wells. I compare it with the map, and find 
it there called Lower Lias clay. If I ascend a little way up the 
hill on any of its sides, it appears that this clay is succeeded on the 
surface by a brown iron-stoined soft and somewhat sandy rock 
No. 2, often fall of fossil shells, and including at the top a mass 
of brown limestone. This on comparing it with the map is called 
Marlstone. Higher still the hill is formed of soft, pure, fine- 
grained sand. No. 3, of the colour of light brown sugar, by 
reference to the map called Upper Lias sand, and on the top of 
this in places I see a pale cream-coloured fos^iliferous limestone. 
No. 4, often Oolitic, that is to say, composed of small rounded 
grains like the roe of a fish. These last formations make a dry 
soil, and higher on the hill the darker coloured grass and frequent 
patches of rushes indicate moister ground, caused by a substratum 
of tenacious blue clay, No. 5, containing thin streaks of shelly 
limestone, full of shells of the genera Rhynchonella and 
Terebratula, and small oysters. This clav, the map informs 
me, is called Fuller's Earth. Above this, within 10 or 20 feet of 
the top of the hill, springs break out here and there, at the base 
of a second bed of yellow fossiliferous limestone. No. 6, which I 
find is called the Great or Bath Oolite. Now, I am on the top 
of the hill. I walk along its flat top for a mile or two, and 
occasional quarries always show the same kind of limestone, 
while the ploughed fields are thickly strewn with fragments of the 
same. I go on round the sununit of the hill on the edge of this 
dry escarpment of limestone, and always a few feet below on the 
slope I observe the wet, springy ground mentioned before, and 
infer (as shown on the map and in this section) that this lime- 
stone forms a cake covering the top of the hill. I descend and re- 
ascend the hill at several places, and always find the same 
succession of limestones, clays, and sand on every side, and I 
suspect that, like the upper limestone, these also lie in thick 
beds, which underneath the uppermost cake pass through the hill 
from side to side in the manner shown in tne section. Should 
this inference want farther confirmation, I find it in the cir- 
cumstance that on the top of the hill near its centre, and well away 
from its edges, a deep well was sunk, in which several of the very same 
formations were passed through that I observed on its sides. Here then 
for Lansdown there is a clear order of superposition in the strata, that is 
to say, thick beds of rock of very diflFerent kinds are placed one upon 
another in regular succession, and if I take a clean map, and walking 
over the ground, trace upon the paper the upper and lower edges of each 
of these formations, and s^erwards colour each one with a different tint, 
I construct a perfect geological map of Lansdown. This small matter 
accomplished, I wish to discover if the same rules apply to the 
neighbouring country, and perhaps to other more distant parts of 
England. I observe a little eastward of Lansdown a long escarpment 
looking westward over the valley of the Severn, intersected by 
vallevs that wind inward from the plain. On the whole it stretches 
northerly by Dursley and Cheltenham, and if I choose to follow it 
further, with some interruptions, it will lead me right away into Yorkshire, 
where it turns eastward, and strikes into the sea. The plain of the 
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Severn is formed of New Red Marl and Lower Lias Clay, and always 
on the flanks of the escarpment that overlooks this plain, and far up the 
valleys that penetrate eastward into the country, I find strata similar 
to and in the same order of succession as those previously ohserved 
on Lansdown. I am therefore justified in the inference that these strata 
are also placed one upon another, and that the lower formations stretch 
eastward underground to an unknown distance in the same order of 
succession. 

This then, as far as these rocks go, proves the doctrine of superposition 
of strata, and if we apply it to the rocks represented by any of the other 
colours on the map it is found to hold equally good. The meaning 
of it is that the rocks are of different ages. The matter, for instance, 
composing the lowest formation drawn in the foregoing sections has 
been formed of water-worn sediment mingled with marine shells, which 
often even now lie in the very positions in which they died, and these 
materials were therefore deposited m an old sea-bottom. Afterwards 
other strata of different texture were spread above it, and so on 
successively through all the varieties marked in thedrawing, each being of 
later date than that which lies below, till on the top of all we come to the 
Chalk, — ^the youngest formation at present under consideration, as 
shown in diagram No. I. Thus each formation represents a separate 
stage in the marine history of the world. In section No. 1, eight stages are 
represented, in section No. 2, only five ; and I believe the best way to 
learn this by oneself, is to examine any tract of country in the way I 
have described, while the best way to teach it to others is to take them on 
the ground, and point out the phenomena ; or if that is impracticable, 
to describe it by the help of maps, diagrams, and models in the manner 
I have done. 

I have stated that the formations marked on the sections are fossili- 
ferous all of them containing the remains of marine shellfish of many 
species. It thus becomes evident that the shells found in the lowest 
formation belong to animals that lived in an earlier stage of the world's 
history, than those found in the strata immediately above, and so on 
through the eight successive formations of the section till we come to 
the Chalk ; and if it should be found that in some degree or altogether, 
the shells of each formation are of species distinct f rem those of any other 
formation, then by the fossils alone we shall be able to tell to what stage 
of the world's history these forms of life belong, and a clue is thus 
obtained to the history of the succession of marine hfe on the globe. 
This, which is called " the succession of life in time," was the great dis- 
covery of William Smith, ** the father of English geology," first observed 
by him while conducting engineering operations, among the very Oolitic 
rocks I have described, in the neighbourhood of Bath. But William 
Smith was not considered a " great geologist," in those days. How 
should a self-taught man, who had not been instructed in the recognized 
formulae of science, take precedence of all the regular orthodox workers 
by force of native genius alone? The prophet had therefore for long no 
honour in his own country ; but at length the scales fell from the eyes 
of his geological contemporaries, and "the succession of life in time" 
became a recognized fact, not alone for the Oolites, but for every 
fossiliferous formation, first in Britain, and afterwards for the whole 
world. 

To apply this to the maps and sections on the wall. 
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At the north end of this long map are certain patches of 
blue and pun>le. One of these, of a jiear-shape, is known 
as the Woolhope district, and when its structure is ana- 
lysed as shown in diagram No. 3, it is found to consist at the 
base of beds of sandstone No. 1, above which, arranged con- 
centrically, there are three thick masses of limestone, Nos. 2, 
3, and 4, interstratified with shales in the manner shown 
in the section. These are called Silurian strata, and above the 
highest bed of shale lie strata of deep red marl No. 5, be- 
longing to a series of rocks called the Old red sandstone and 
marl. The Silurian rocks are fossiliferous, and contain many 
species of Trilobites, Orthoceras, Orthis, Leptoena, Stropho- 
mena, &c., and each subdivision of the Silurian rocks is more 
or less distinguishable from the others by its included organic 
remains. The Old red sandstone of this country holds no 
fossils, except a few fragments of fishes and Crustacea, while 
in parts of Scotland it is comparatively full of fish remains. 
No fishes occur in the Silurian rocks, except perhaps just at 
their junction with the Old red sandstone, and no Trilobites or 
shells are found in the Old red sandstone of Herefordshire, 
and therefore, quite independently of colour, the organic re- 
mains alone easily enable us to distinguish the two sets of 
strata. If from the point where the lowest bed of Old red marl 
rests on the highest Silurian stratum we walk south towards 
Dean Forest, we shall constantly get higher in the Old red 
sandstone series No. 5, 
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and at length, on the edge of the Forest, as shown in diagram No. 4, 
a great mass of limestone, No. 6, appears, on the top of which there 
are beds of sandstone and shale containing coal, Nos. 7 and 8. The 
limestone is clearly newer than the Old red sandstone, because it overlies 
it and for the same reason the coal-bearing strata are newer than the lime- 
stone. The fossils of the Carboniferous limestone, as it is called, when 
critically examined, are found to be of species quite distinct from those 
that occur in the Silurian rocks, and even many of the genera are new. 
So marked, indeed, is the difference, that any half-instructed person look- 
ing over a collection from both, cannot fail to be struck with the quanti- 
ties of Trilobites from the Silurian rocks, and their great scarcity in the 
Carboniferous limestone, the heaps of Productas and Spirifeis from 
the latter, and their absence or rarity in the former, and so on through 
many other marine forms, while in the Coal-measures there are found 
organic remains that lived on land, many tall trees, ferns, and other 
plants of species found in no other rocks whatever. Here in Dean 
Forest the Coal-nr^easures form the highest rocks of the Palctozoic or 
Primary rocks of the district ; but if we go south to the Bristol coal- 
field, we find unfossiliferous New red marl. No. 9, which forms a low 
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part of tlic Set^ndayy rocks, overlying the coal-hearing strata No, 8, 
Mficmformably thus. 

No. 5. 
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Above the mm'l we find the Lias No. 10, above the Lias the Oolitic 
strata No* 1 L on which in Somerset and Dorsetshire lies the Chalk, the 
hi^be-st member of the Secondary formations, which in its turn is over- 
laid bj Tfrtiartj elajs and sands, the equivalent of those through 
which deep well^ are bored to the Chalk in and ronnd London. 

As in the Palfeozoic rocks, so each of these Secondary formations 
holds its o\^m ]icculiar suite of fossils- Thus almost all the species 
of the Lias differ from those in the overlying Oohtes ; and if we ascend 
through the different fonnations of the Oolitic strata, we find throuarh- 
out the series, that in contiguous formatioii3 some species are distinct, 
while many are oft^n common to both ; but if we compare the forms 
from the lowest and the ujjpermost of all t!ic Oolitic formations, though 
the genera of shells in thpm are for the most part the same, the specks 
are nearly all distinct. Passing upwards into the Cretaceous strata, it 
appears that every species found therein differs entirely from those 
eharactenstie of the Oolites ; and all the shells and reptiles of the Ter- 
tiary atTata above the Chalk, are again unlike those of any of the for- 
miitiona below. 

The meaninpf of all this is, Ihat durin,^ the successive deposition of 
the Silurian formations there wasj in common language, a gradual 
cxtinetion of many species, whose places were as slowly fiUed by the 
appearance of newer forms ; and the conifilete change of species, the 
remarkable changes in the genera, and the almost total disappea4*anee of 
some Silurian families before the commencement of the Carboniferous 
epoch, is clearly connected in this district with the inten'ening accumu- 
lation of 8,000 feet of nearly unfossiliferons Old red sandstone ; for, 
during the enormous lapse of time that it took to form a succession of 
unfossilifcroos strata so vast, all the old forms of life passed away and were 
replaced by new. Again, the xmconformity between the Secondary and 
Paleozoic rocks means more than this. Here the Palaeozoic strata have 
been contorted, heaved on end, and denuded — before the deposition of 
the. Secondary rock a, the lowest member of which is the New red sand- 
stone, which in England contains no remains of marine shells j and so 
vast is the gap in time beti^'ecn the disturbed and the nearly hori- 
zontal strata of the aboiT diagram^ that Trilobites, the Orthocera, and 
almost all the genera of Brachiopoda — the leading types of Palaeozoic life, 
— ^liavc vanislied. and their places ha\^e been filled in the lower Secon- 
dary rocks by other Crustacea, new cuttle fish, and legions of Con- 
chifera of more modem kind. Between the close of the Oolitic and 
the beginning of the Cretaceous marine e[iochs, there is another com- 
plete 1)reak in the succession of life> for, while a great number of the gene- 
ric forms are the same, all the Oolitic species (hed out before the Creta- 
ceous fonns began to live, The Oolitic rocks of our own and some other 
areas, were, in fact, raised above the sea to form land, and there remained 
BO long, that when again submerged, the old forma bad passed away and 
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other shapes prevailed. A similar gap, accompanied by a similar entire 
remodelling of forms^ occurs in the change from the uppermost British 
Cretaceous to the lowest Eocene (tertiary) marine strata. Each of these 
great OoUtic, Cretaceous, and Tertiary subdivisions, therefore, contains a 
suite of fossils peculiar to itseff, by which it can be distinguished, 
and each minor subdivision of the OoUtic strata, for instance, contains 
certain species so characteristic, that the formation can at once be iden- 
tified by its organic remains. 

Here, then, we have two great laws established — ^first, the doctrine of 
the superposition of strata, vuccoTopaiiied by, secondly, the succession of 
life in time ; and the man who has thoroughly realised these facts, and 
knows how to apply them to rocks in the field, has already made 
advances in geolog^ so great, that in any country, and especially in a 
new one, his observations might increase the sum of ^eologioftl know- 
ledge. It was by the application of these two principles alone, that, 
without assistance William Smith constructed his great geological map 
of the stratified rocks of England ; the first, and, therefore, even inde- 
pendently of its excellence, the most wonderful geological map ever 
producea; and on these principles, since his day, every true geo- 
logical map has been made; for the philosophy he propounded applies 
to the visible crust of the whole world, except in limited districts Uke 
Iceland, where all the rocks are said to be (probably erroneously) of 
igneous origin. The geolo^st must not, however, suppose that he can 
do without a knowledge of iffneous phenomena. 

Among rocks of all ages, £om bottom to top of the geological scale^. 
igneous rocks occur in some part of the world, sometimes intruded 
among them in masses, and sometimes interbedded with the strata in 
the form of true volcanic products. Thus the lower Silurian rocks of 
Wales, Cumberland, and Ireland are largely intermingled with volcanic 
rocks, while in Canada and the United States, &c. they contain none. 
The Carboniferous rocks of Scotland are full of lava-beds and volcanic 
ashes, while, excef)t sparingly in Derbyshire, none are found in the greater 
Carboniferous series of England and Wales. The New red sandstone is 
free of trap dykes in Engknd, except in rare instances, but I have seen 
them plentifully in the equivalent rocks of the United States and the 
Thuringenrald; and in Ireland and the Western Isles there are volcanic 
rocks beheved to be of Secondary and Tertiary dates, while none are 
found in the contemporaneous strata of England. The learner must 
&miliarize himself with the appearance of and effects produced by all 
kinds of igneous rocks» so as to be able to recognize and, if need be, 
to map or describe them. For this purpose let him study in museums, 
and collect in the field specimens of the crystalline rocks, such as 
granite, syenite, greenstone, basalt, amygdaloid, recent lavas if possible, 
and old and recent volcanic ashes; and further, let hiyn master the 
mode of their occurrence under different circumstances. He will thus, 
often by their effects, be sure of them wherever he meets them, even 
though assuming an unlooked-for aspect. Thus, if he find certain 
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striita a, a, traversed by u ciyatalline dp mnorplioua mass 6, and if, 
wlicTj it rcBf^lics the top, it scerns to luive flowed over on all sides 
t(JvvEir(ls B, B, he may he pretty sure tlirtt a melted mtiss b has hcen 
injected into a fissure of the rocks a, and pr()hiil>ly that it has overflowed 
ut the surface ff^ f?' ; and thh inference will become a certainty if he 
find that the common stratilied rock a is comparatively soft as a whole, 
but bleached, baked, and perhaps, as it were, porcelainised at the points 
of junction, wliere in contact with the dyke and also beneath the over* 
How» In hke manner, if we find tliat a great mass uf felstone or basalt, 
for examtile, ia fairly interbedded with strata of slate or shale, and if the 
bed below the igneous rocks has beeii altered by heat, and that above it re- 
main \inaltered, then the inference is fair that a lava stream ran out on the 
sediment, heating: and changin|T that over which it flowed, but which 
cooled before the deposition of the overlying unaltered layers of (now eon- 
Bolidiited) mud, Jf, however, a long: hnej say of greenstone, lie for a space 
ever so truly between strata wliieh are altered both above and below^ then 
it may he safely inferred that the melted matter was ifijected between the 
beds after the deposition ]>erhaps of the whole formation, thus altering 
the strata with ^ibich it is in contact, t^o, also, it is often the case with 
granitic, ayenitie, and greenstone bosses, tliat the stratified rocks all 
round are altered or metamorphosed, and branching veins proceeding 
from the main mass <jf the crystalline rock penetrate the adjoining 
strata. Tl:ie observer will then ha\'e no difficulty in concluding that 
part of a heated fluid muss was injected into cracks of the surrounding 
l>eda, I mention these as the most familiar examjdes of igneous phe- 
nomena which must first be mostered» and, if possible, the eye accus- 
tomed to them, before the student proceeds to abstruser problems of 
metamorphiam, &c.j any account of which would be out of place here. 

The next point to which 1 u'ould direct attention is the practice of 
geological mapping. For this purpose the student ought to be provided 
with a good topograpbical map, on which to lay down his observations, 
a hammer to assist him in determining the nature of the rocks and in 
the collection of fossils, a clinometer to take the dip or angle of the 
strata, a compass to take the direction of dips and strikes, and a pro- 
tractor to enable him with the hel]> of his compass, to fix a doubtful 
spot on tlie map. By carefully tracing out tlic fomiations of any bit of 
country on a map, the student may be sure that he will acfjuire more 
really available nractic-al knowledge in a short time than if he spent a life- 
time in reading books. This practice, in fact, is what I would recommend 
to every teacher of geology. Let him master the geology of his own 
neighbourhood thoroughly, by the aid of such maps of it as are published, 
and if they are old and bad, if he have time, let him endeavour to improve 
them. Having done so, let him take his scholars if he can, now 
and then into the field, and there^ ma]) in hand, make thera understand 
the strati graphical relations and igneous i>hcnomena of the rocks among 
which they walk, and if the district he fossiliferouSj let them collect 
fossils, note their forms, and if they can find the means, name them and 
arrange them in the order of succession of the strata* If country teachers 
were once far enough advanced for this (and many without much labour 
could easily qualify themselves for it), a crop of geologists would spring 
up all over the country, and among them some valuable men would be 
sure to appear; und 1 venture to state that from such habits of obsema- 
tion, a vigour and enlargement of uuderstunding would ensue, imusual 
in learners, who know nolhing of inajis beyond the hatkneyed school- 
room scries> and who merely learn geology from books and in-door talk. 
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At the same lime I do not undervalue geological teaching in the school 
and the lecture room. It is an indispensable part of all good teaching, 
especially in the more advanced branches of the science, and is all the 
more valuable when the teacher has acquired a certain facility in describ- 
ing the structure of a country by the help of good diagrams, and with 
the aid of chalk and a black-board. Every good teacher of general 
geology ought, in fact, to be able to draw on the board \vith ease dia- 
gramatic sections, which are not vague, unsteady, and ridiculously ex- 
aggerated, but bein^ well proportioned, and firm in execution, will 
convey a truthful impression to the looker on. This is absolutely 
necessary in all the broader kinds of geological teaching ; but no amount 
of facility i i description can com[)cnsate for the want of a sound know- 
ledge of Ihe structure of the country around the provincial teacher's 
home, and, in thoroughly imbuing the minds of his scholars with that 
knowledge on the ground itselF, he will render them a sen'ice which \vill 
be of use to them all their lives, even though after occupations should 
lead them entirely to neglect the subject. 
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It is my biisiiieBs this eveiiinrr to make a few remarks on tbe 

leading pomts of modeni scientific navigation, on the reqiiisites of a 

teacber, and the method of teaching this important art, to expand 

and interpret the short programme laid down in the circulars iasned 

-by the '* Department of Science and Art " hearing on this snbject. 

I First then to the teachers, need T say that teaching and leamiiig 

tsre inseparably comiected ; to be good teachers you must be good 

Iscbohirs. The tenms are, in a great measure, convertible. He who 

f most rationally and gystematicmly applies himself to obtain a right 

understanding and a i&rgo and intelligent grasp of his Rnhject, is 

be?5t qualified to act as a pioneer to others in the field which he hae 

himself explored. 

Let it be remembered too that while an ignorant man caimot l>e a 
teacher, a learned man may yet, by lacking many things which 
books camiot teach, be almost as inefficient. Like all other artg, 
the art of teaching must be acquired by practice and patient obser- 
vatinn of the ever varying materials to which it is applied. Have 
patience, endeavour to gain the great essential for a good teacher, 
equanimity of temper; your dullest scholar is teaching you how to 
teach. 

The prelimmary knowledge requisite for the study of navigation 
is specified under the head of group L in the forms relating to the 
examination for navigation certificates, and it is fitting, therefore, 
that a few words should be devoted to this part of the subject. 

Of arithmetic little need be said, formmg. as it does, a staple 
article of instruction in all schools* Skill, dexterity, neatness of 
arrangement in working anthmetical problems^ something of the 
philosophy of arithmetic, and expertness ui vulgar and decimal 
fractions, we shall suppose are conceded. 

Id teaching algebra, 1 collect a large number of equations, both 
nnmencal and literal, carefully arra3iging them in the order of 
difficulty, and thus proceeding carefully, step V»y stepi with abundant 
illustrations, pupils never fail to acquire great facility in the 
solution of all such difficulties as are likely to be met with m tbc in- 
^ vestigation of their navigation or astronomical problems. This is a 
very important branch of algebra, one of constant application ; but 
much more than this should be denaanded of the tramcd teacher ; 
he should be expeH in the solution of problems, and acqxiainted with 
all the ordinary artifices of algebra — the proofs of the binomial 
and exponential thcorcraR, and their application to the theory of 
logarithms, with which he will have so much to do in his calcu- 
lations. 

With these l^equisitfes in view, my examination papers have 
always contained questions calculated to expose the possession of 
them by young teachers. 

What of geometry ? the very groundwork of all scientific teaching, 
that science of which Dr. Whewell says, ** Tlie recollection of the 
*' truths of elementary geometry has, in all ages, given a tg.^-.vqx^'*^ 
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** and a reality to the best attempts to explain man's power of 
" arriving at truth." 

Surely nothing need be added to this testimony, nothing from my- 
feeble utterance would add strength to your own convictions, that 
the study of geometry is an essential mental discipline, without 
which no training is worthy of the name of education. But with 
reference to those practical arts which are at present under con- 
sideration, it is not only important on these high educational grounds ;. 
its propositions are our tools, an indispensable part of our stock 
in trade. 

In learning trigonometry with a view to applying it to navigation 
and nautical astronomy, the leading formulae must be committed to- 
memory as soundly as the alphabet or multiplication table. With 
this view I make young pupils of from 14 to 15 years of age. repeat 
them in the same manner as the arithmetical tables are conned. 

Please to remember that it is one thing to read mathematics as 
mental gynmastics for the purpose of developing hidden intellectual 
forces, with purely educational ends, and quite another thing to 
learn mathematics with a view to transmute them into the mechanism 
of a practical art. These formulse then become our tools, and they 
must be kept sharp, bright, and always ready for use. 

My prescription is, take Jean's trigonometry and work out at 
length all the examples in both parts of his excellent and thoroughly 
practical little book. 

The knowledge in this branch should be especially exact and 
critical. The use and force of the algebraic signs, as applied to tha 
trigonometrical functions, must be thoroughly mastered, this will save 
you much vexation in the applications of spherical trigonometry,, 
this alone will save you from such mistakes as I sometimes meet 
with» as— 

cos. 135°=sin. 45^ 

This makes no great demand upon the memory, for no angular 
measure that occurs in navigation or nautical astronomy ever ex- 
ceeds the limits of the first and second quadrants. 

Some such diagram as this will also aid memory : — 



— tan. + 





— COS. 4" 



+ taii. — 




sin. and cosec. cos. and sec. tan. and cot. 



The student should never lose sight of the numerical character of 
the quantities symbolized under the forms — 

Sin. A, cos. A, tan. A, cot. A, sec. A, cosec. A, 

That sin. A and cos. A are always fractions, either positive or 
negative, and that their effects as factors is to lessen value, and that 
a multiplication by sec. and cosec. increases the numerical value. 

That multiplying by tan. A. may either increase or diminish the 
value according as A is more or less than 45°. Such observations as 
these enforced by proper illustrations in elementary instruction will 
be foimd of great use in scanning trigonometrical formulae, and will 
often help to detect errors or inadvertencies in them. 

Beware of that bugbear of elementary trigonometry — 

Cos. A. - COS. J5 = - 2 sin. i A -^-B. sin. i A—JB, 

This formula properly handled is, of itself, an excellent lesson. 

It is only a critical knowledge which can enable you to select 
amongst equations all mathematically true, those best applicable for 
the practical purpose in hand. 

No one will attempt the accurate computation of a very small 
angle by means of the value of its cosine ; nor of an angle nearly 90® 
by means of its sine. 

As an example of the nature of the examination you may be called 
upon to make, the following one, taken from a popular little book on 
trigonometry, will perhaps prove instructive. 

Cos. a = cos. b . cos. c -f sin. h . sin. c . cos. A, 

= cos. h . cos. c + sin.. 5 . sin. c . f 2 cos.^-^ — 1 j 

^ 

= cos. 6 4- c 4- Bin. b . sin. c . 2 cos.^o" 



= cos. b 4- c 

«**.. J . sin. c . 2 cos. ^ 
Let ? 



r sin. b . sin. c . 2 cos.^ — 1 
V "^ cos. (&T"c) J 



sin. b , sin. c . 2 cos.' 



^~— =:tan.«e 

cos. + c 

cos. a = cos. 6 -f- c . sec* B 

Now in a spherical triangle it will frequently happen that b + c is 
greater than 90°, and in this case tan.' B will be a negative quantity, 
or tan. will be imaginary. This is then a very unpractical for- 
mula, tempting as it appears at first sight. 

You must not be content with arriving at your final equations, you 
must weigh and measure them, patiently tracing out all their con- 
ditions and their consequences. 

By thus persevering to the end you have your reward in many 
ways, and some of them, it may be, very unexpected. Accxvracy, the 
great end aimed at, is secured. The memory, instead of being 
burdened is relieved by the analogies which the close study of the 
subject reveals. 

Of this kind of relationship the principal formulas of plane and 
spherical trigonometry afford prominent examples. 

Here is another interesting one : — 

In a plane triangle ^±^ - ta«.i(.i + ^ 
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lu the problem for finding the position of a sbip by means of ho 
obserrations of thi-ee known objects on shore. 

m + H tan. ^ (A ^ B] 
m^n~ tan. i (A — B) 
Wliere wi ^ a . sin. o and u ^^h . sin* $. 



Kow woro the point of obaervatioo at Q iiLstead of P, then sin- « 
would = miu JS, and tJae two formulae after reduction would b© 
identicuL 

The la.st ib, in fact, only a more general form of the fii'st i there ia 
not only an accidental ro semblance, it is a family likenGBs. 

The teacher will find sometimes, while carrying on, in parallel 
lines, his t^^achiug in Euclid, algebra, and trigonometry, occasional 
difficidties arising from the interlacing of these Bubjects. He will 
feel himself called upon to appeal for aid to geometiical truths 
which his pupils have not yet attained. There is no necessitj- that 
this should bar hi^i progress. The nature of geometrical demonstra- 
tion once understood in the earliest propositions of Euclid, a point of 
mathematical faith is reached Jyy the scholar on which the teacher 
may safely rest as a basis, whilst explainmg the nature of ttos© 
advanced propositions required for hia present purpose. 

Occasionally illustration, commonly called ocular demonstration, 
may be substituted for the more legitimate process of pure demon* 
stration, and, indeed, with an eflect often more convincing to yoimg 
minds not disciplined to the force of logical demons tration. 

For example, that the three sides of a Bpherical are less than the 
circuinferencD of a great circle. 

That two of its sidc« are less than the third. 

That the plane angles which form a solid angle are less than foui^ 
ri^t angles. 

These may be illustrated by pasteboard models. 

Do not, however, confound illuatration with demonstration, as I 
sometimes observe a disposition to do, in the substitution of Wajjier* 3 
rules for the circular parts for a demon sti'ation of the relations of 
the parts of a right-angled spherical triangle. 

This is confounding catise and effect ; Napier's rales are a result 
(curious enough in their way, but unimportant) of those very equa- 
tions which are attempted to be established by their aid. 



Navigation and nautical asti^onoray are the two gi'eat 
iJiraions of the ** Art of Sailing on the Sea," as the 
quaint f J' ^rorded it- 



co-ordinate 
old writers 



By the first is generally linderstood ike branch of the art which la 
accomplished by means oF the log, compass, and chart ; and relating 
to the art of directing the ship's coui'se under tlac varying forces of 
winds and cnrrente, imd the estimation of her change of place. 

Nautical astronomy needs little definition, it is that branch of 
practical astronomy liy which the obserrer's situation on the globe 
is ascertained, by comparing the position of his zenith with relation 
to the heavens with the knoini posifmn of the xetiifk of a knoum place 
at the same moment. The principal inatrmnents are the sextant 
and chronometer and the Nautical Almanac. 

In teaching navigation, we must commence with tho imaginary 
lines of the teiTCstrial sphere, and definitions of latitude and longi- 
tudCj difference of latitude, and difference of longitude. The 
mariner's compass must be learned, and exercises on allowing the 
Tariation must be given. By the way, we adopt a concise and safe 
artifice for tho application of those eorrectiomj for variatiott, in 
the employment of the thi'ce initial letters — 

B. T. JV. 

as a substitute for a verbal rule. T standing for "true course, *' 
J? for ** easterly variation,*' IF for "westerly variation.'* The 
position of E on tlie left of T denotes that easterly variation is to be 
allowed to the right of the time course to obtain the compass course, 
and W on the right of T that westerly variation is to be allowed to 
the left. I do liot deeqjise, in praetical teachings, memorial aida 
such as these. 

Moreover, the sigiiificance of rlgJit and left on the face of the 
compass card is explained thus, to the right is as the hand of the 
clock goes, amd hft the other way. 

The relations between course, distance, and difference of latitude 
come next, and it ninst bo shown by the sphere that — 

Difference of latitude ^ diat, X cosine eonrse. 

T have often received a very unsatisfactory reply to the question, 
*' Is this generally true ? '' X find too often a desire to apply mmeces* 
sary limitation to this fiindaraental theorem. 

The right-angled triangle, commonly em- 
ployed in the solution of jiroblems in plane 
sailing, is merely a gcometnoal interpretation 
of this ecpiation. Thus, if AC he a line a.*t 
long as the rhumb line and A be equal to the 
course, AB must be equal tn the difference 
of latitude, for it is equal to 

Distance X cosine course, 

which is the necessary condition given by con- 
sideration of the sphere. 

BO is a consequence of this geometrical interpretation, and has no 
dL-ect comiteriiai't in any li nc on the sphere. If the earth were really 
a plane and the straight line AC reaUy the slnp's track, it would 
measure how fai' the ship had departed from the meridian — from 
this it receives its name of ilepaiiuye. I aay that it has no direct 
counterpart in any line on the sphere, still we can infer that it i?i 
nearly equal to the distance of the meridians between which the 
track lies, in the middle latitude, and thence by the geometry of the 
sphere that-- 

Departure =sD. longitude . cos, mid. lat, - *. ,,,,A> 



ftdd to this the two equations derived from the right-angled triangle 
jiiBt refenTd tiD, vi^, — 

Departure ^ D« lat * tan. course , — .,.B 

Departure =^ D. lat . sin. courBc . — . „ .0, 

and by the combination of these the leading problems of navigation 
may be solved, 

Mercator* s chart can be ouly popularly explained to an ordinai-y 
class, the mathematical theory of the division of the meridional lines 
requiring at least a knowledge of the differential calculus ; but this is 
not an excuse for teat^iers who come np to take ceilificates. Whatever 
is necessary for a right xnidersttinding of any branch of the ai't they 
undertake to teach, ^-iihould be acquired by theni, ^o part, however, of 
the practical teaching, so fur as I iiEive hinted at the major divisiojia 
of navigiiition, requires more than a kiiowlcdge of plane trigonometiy 

Great chicle Bailing » however, which munt now be included in 
teaching of navigation, demands a good acquaintance ■with spherical 
tri genome ti-y, and if I may liC permitted to say so, the second 
method of solntion given in niy navigation, if thoroughly mastered, 
Tvill ]m found as convenient as any* I do not like mechanical 
methods of solving mathematical problems, nor do I tliink that the 
substitution of manual doxteritj" for calculation in their case, ia 
accompanied by any equivalent gain in time, while there is always a 
saciifice of accuracy. 

The great circle charts, on the stercographic projection, receiitly 
published by Mr* Bergen, a master marmer, iu which he avails 
himself of the well-known property of this ]irojection, viz,, that it 
reduces all great circles to straight lines, ai'c simple and ingenious, 
and may be used to check calculations. 

The following is a neat illustration of the gain of distance resulting 
from using the great circle, in- 
stead of the rhumb lino coimectiiig 
two places. A and B are two points 
on a parallel of latitude AB ; and AB 
forms the ordinary rbmnb line join- 
ing A and B, cutting their meri- 
dians at right angles ; now if the S07 
latitude be 60°, AB ^ 90^, Imt the 
great circle arc APB joining the 
same points is only 60°* A suviug 
accrues, therefore, of no le^s than 
30° or 1,800 nautical miles» l)y proceeding from A to B on the arc 
APB instead of on the paralb?! AB. 

Out of this illustration ntiturally grow such questions as these : — 

1. Is the saving the same on all parallels P 

2. If not, on which parallel would it be the greatest? 

3. How would the answer be affected if the diffference of longi- 

tude w^ere limited ? 

4. How must two points be situated that there may be the 

grcatestr difference lietween the rhumb line distance and 
great circle distance ? 
This series of questions represents a progi'Cssive ascent from a 
very limited particular question to its most general form. 

The general expression for the latitude of two places on the same 
parallel when the distance saved is a maximum, is — 



80- 



ae." 



50? 



(8 0. 



Cos.' lat* =- 



sm. 



d . long^ 



/d. long\* 
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and when the diff. long. = 180^ ^ tt, the tbrmular assumea the 
elegant and simple chai*acter — - 

Sm, lat. ^ - 

w 

whence the hitiUide = W 3^'. 

The saving, in thi^ instance, is ^,*274 miles, and is the greatest 

[possible, snpposing the whole globe a navigable sphere of water. 

V I camiot leave the subject of navigation withonL a woi-d on Halley'a 

Isingnlai* navigation enigma. The enunciation of his qncstion is 

eniarkaljly simple, but the direct solution has called u]> an amount 

Df laborions calcnlatioii which I think it wtiuld be difficult in onr 

own day to evoke in such a cause. The problem is Lhis, '* Given the 

** latitude flailed from, the distance rnn, and the change of longi- 

•* tndc, to find the court^e and latitude arrived atP '* Tlie tentative 

f method of Dr. Mackay will ^olvc it in a few niinutes. 

Tn teaching nautical astronomy, the fu Bt thing to be done is to give 
I clear conceptions of the circles of the celestial sphere, and of the 
llneaning of the terms employed* I.e., the vocabuhiry of the science. 
IThe xenith and nadir, — horizons, sensible and rational, — vertical 
[ circles recognizable under theii* other convenient designations of azi- 
Imnth circle.s and circles of alfcitnde. Make yonr pnpils i)omt out the 
ipositions of these fixed circles in the heavens, the meridian of the 
f observer, the prime vertical, the horizon. Let them draw diagrams 
liDnstrating the relative [)ositioiis of these circles ; and placing points 
tto represent olyects in various positions, make them show the alti- 
[tude, zenith distance, and azimntli of them. 

Next demonstrate tlie siinplc Tmt important fact, that the elevation 

[of tbc polo is equal to the latitude of the observer, then tuid to the 

[diag^ram the poles, equator, and cirelus of declination, and let the 

[scholar practise as before, in pointing out the declination, ])obir 

[distance, and meridian distance or hour angle, of points, arbiti-arily 

Imarked upon your diagram. Make hira IcaiTi to discriminate he- 

] tween altitudes above and depressions below the horizon, and state 

f whether the points luarked would or would not be within the limits 

I of vision, make him point in tlie sky the situation of your arbitraiy 

[ points? in the diagram, imtil he readily associates the bald geome- 

Iti^ical lines with the actual sphere of the heavens. Next introduce 

I the parallels of declination, and as.suming any pomt to represent a, 

I stiir, trace the apiKirent diurnal path, marking the notable positions, 

as the places of superior and inferior transit over the meridian, 

the i>oints of rising or setting, positions on the prime vertical, and 

on the six o'clock hour ciicle. Bo careful to ]>oint out the position 

of the equator in the heavens, passing through the east and west 

points of the horizon, and crossing the meridian at an elevation 

equal to the co-latitude. Let these exercises always be acc<mipanied 

also with a clear verbal definition of every circle, juigle, and 

measuie incut referred to. 

Show the conditions under wdiich an object is seen both at its 
superior ajid inferior transit, illustrating them by special application 
to the sun. 

Next let the ecliptic form, the subject of a special lesson. Show 
how the motions of the earth impress apparent motions on the body 
of the sun; that the rotation of the earth causes no derangeiuent of 
the relative positions of external objects (sun, raoon, and stars) amongst 
themselves ; that a motion of ti^anslatioii in the point of obs^ar^-aw^Mso. 
produces such derangement in various de^t^^, ^le^^^ssviSiJ^x^^^ivv'v^^^ 
proximity of the objects oliBerved, ^\vti>\ "Skw ^Ocv^i Y^<^^'a^'5. 'aS. NSafc 



eivib round the sun causes the sun to appear to move from place to 
place amongst the stars, and how the inclinfltion of the earth's axis 
causes this appareiiL path to intersect the celestml equator. Next 
will naturally come the vai iations of the sun's decHimtion ; when the 
** Nautical Almanac " should be referred to : and a>« a Hfctiug pi'actical 
coneluiiion to such a lesson, exercises should follow in calculating 
the sTin*s declinatiaii for a given Grreenwich date ; leaving for another 
lesson the division of the ecliptic into signs, the definition of ri(/M 
ascenskiii, &c., when you ma^^ jwiut out the want of coincidence 
betwoeu the signs of tlie ecliptic and the couatellations of the zodiac 
bearing the same designation, the consequence of the precession of the 
equinoxes » Be cai^eful to point out that the apparent auimal motion 
of the ami is in the opposite direction to its apparent daily motioi;. 

Of course the coiTCctioos of the appai*ent altitude of the heavenly 
bodies must furnish special and elaijorate lessons. Tlie first much 
of the same uatnre as those which I have glanced at, combining 
geoTaetrical description by diagrams with careful verljal enunciation 
of defiuitions of dip, refraction, parallax, true altitude, apparent 
altitude, &g.; fru'ther lessons amplifying the subject by introducm^ 
ihe demonstrations of the matbematical relation between dip and 
height of eye ; between pai'allax in altitude and altitude. 

Par. X in alt. =■ Hor, pai allax X cos. app. alt. 

Also augmentation of moon*B semi -diameter, &c.; ending such lesBons 
with calculations of dips, parallax, &c., and connections of appareut 
altitudes* 

Another, and ver^" ti'oiibleaome branch of this teaching, is that 
which relates to the division of time. Begui by pointing out the 
smi's daily return to the meiidian, and that his transit marks the 
commencement of the ustronomical day. 8how that the apjiarent 
motion in the ecliptic retards these returus, and makes the days 
longer. Next, that the inequality of this motion produces inequality 
m the intervals of return ; and thus the inequalities of appai^ent solar 
time are accounted for. Mean solar time, and equation of time, 
follow. Follow this up with the diagrams illustrating the measure 
ment of time by the angnlar distance of the true and mean sun from 
the meridian ; and exercises on finding corresponding mean and 
apparent solar times by means of the equation of time given in the 
" Nautical Almanac,'' particularly impressing the difference bct^veen 
12 ii\'lock and noon, by repeatedly proposing such questions as these : 
"Is the Bim east or west of the meridian at 12 o'clock on Hay 12?" 
" What o'clock should it be (at Greenwich) when the sun is in the 
meridian ?"' &c. &c. 

Another lesson will follow on sidereal time and its relation to mean 
solar time. 

Another on the diiference of times at different places ; always 
giving copious geometrical illustrations, coustant references to the 
hea%-ens, making your pupils draw imaginary diagrams in the sky, 
and at the same time giving careful verbal enimciations to the 
description of every technical term. 

The difference of time corresponding to difference of longitude, 
and the calculation of differences of longitude from difference of 
time, will furnish subjects for many useful exercises ; together with 
the important uses of the chronometer. 

The reduction of the interraU of time indkafed hj ihc ehroiiomefcr 
to correct iuter%*als of tiiie solar, mean solar, or sidereal time, tend 
to^ve more accurate notions of their relations. 

ilie exercises I have indicated furnish an elementary or prepara- 
torj^oonrse, and afford ample opportumtleB fot exercising the stiident 
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in extractinfi; the various elements contained in the columns of the 
*' Nautical Almanac." 

I repeat that the problems relating to time are amongst the most 
trying to the student of nautical astronomy. 

I find more mistakes in managing the reductions of dates, and 
conversions of intervals, than in any other calculations. 

Although every one knows that 

will give the same numerical result as 

A-C + B-^-D, 

many instances may arise in which the substitution of the one order 
of operations for the other may display a lamentable ignorance of 
principles. 

I met, not long ago, with the following bad habit in a calculator, 
otherwise very respectable — 

*'s mer. dist. — mean 0's R. A. -|- *'s E. A. = mean time, . 

to which he added the gratuitous piece of intelligence that 

*'s mer. dist. — mean 0's R. A. = ^'s mer. dist. 

Again : To find the sidereal time at a given date, I am told to 
convert the elements of the given date into sidereal time by the table 
of time equivalents in the "TSTautical Almanac !" 

After these definitions and exercises are well accomplished the 
problems for finding latitude, longitude, variation of compass, and 
error of chronometer, come successively under consideration ; every 
one of which, involving special mathematical considerations, requires 
careful teaching. As an example, it may be as well to illustrate the 
method pursued in teaching the problem of finding the latitude by 
means of the altitude of the pole star.* 

In the ** Philosophical Magazine " for June, 1822, the late Francis 
Baily, Esq., drew the attention of English astronomers to a method 
of deducing the latitude from altitudes of the pole star at any time, 
which had been published by M. Littrow in 1827 the ** Zeitsohrifb 
fiir Astronomic," vol. iii., p, 208, the formulas being identical with 
those which occupy so prominent a place year after year in the 
** Nautical Almanac." 

This paper is followed by " Further Remarks " in July, 1822, in 
which the history of the problem is given, with the conclusion that 
though it appears that a general discussion of such observations most 
probably originated in our own country, that the first cori'ect solution 
of the problem is that of Mr. Littrow. 

Subsequently to these papers the problem was dignified with a 
very prominent place in the title page and tables of ** Schumacher's 
Ephemeris," and after the change in the form of the ** Nautical 
Almanac " (1835) Schumacher's tables were adopted in its pages, and 
until 1845 the following statement relating to them was annually 
repeated in the preface. 

The tables for finding the latitude of a place by observation of the 
pole star (a Urs» Minoris) at any hour of the day are shnUar to 
those published awnually hy Professor Schumacher m his " Ephe^ine- 
rides of the Planetary Distances" and are founded, &c. &c. 

In 1845 and afterwards the sentence in italics is omitted ; in all 
other respects the statement has remained unchanged to the present 
tone. 

* See Riddle's N&TifSB^^. 
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Whatever may have been ttie advantages afforded by tliese tables 
at the time that their celebrated anthor gave them so proiaineiil a 
place, it has long been my opinion, that they do not worthily 
occupy the large space devoted to them annually in the ** Nantical 
Almannc." 

The first tiihle contains the values o^p cos. It, calculated with mean 
Talucs of the poltir distance and right ascension of the stai% This 
renders necessary Table III., which gives the con ectioiis due to the 
flnctnations of the true valnoa from the mean vaUics, a minute or two 
being added to render the contents of the table positive, which still 
fnrther obscnres the principles of the proljlem. 

The secojid table contains the value of 

^ (p, sin. h)'. tan. alt. Bin. 1", 

l^nerally a compai'atively small qutuitity, not whaiiug in any degree 
ill tbc complements of Table III, 

From their complicated and mipi^actical character, I have long 
ceased to employ these tables j and I am sure that they are Tei*y 
mrely, if ever, used by anybody. 

in order to obtain the results given in the example of their use, 
which is also annually furnished in the Explanation of the contents 
of the "Nautical Almanac/' a troublesome interpolation is necessary 
with Tabic I., and, if possible, a more vexatious one with Table III., 
while the Almanac furnishes the means of finding the con^ct value 
of ji. cos. h* by the addition of two logarithms. 

These two tables I. and 111. desei-ve no place in the ** Nautical 
Almanac /' they contribute only to obscuro the pi'oblem, and afford 
very little, if any, i'acility to its solution. 

Tiie second table, which gives i [(p. sin, Ii)*. tmi, alt. sin, 1"] might 
with advantage be extended, and givcu for shoitcr intervals of 
sidereal time, and might be rendered more compact by condensing 
the minutes and seconds into secoxids only. 

I should prefer the meridian distance {h) for an argument, as 
showing more dii'cctly than the sidereal time doe.g, the connection 
between the table and the formula upon which it depends. 

The late Dr. Itinum gave in his tables the total mean correction, 
tabulated with the latitude and sidereal time as arguments. This, 
as an approximation, may not liC without it.s value to seamen, who 
prefer the *' rough and ready" to more laborious accuracy; and it 
must not be omitted, in a sketrli of the present position of this 
interesting problem, that the Board of Admiralty have recently 
ordered the recalculation of Dr. IiiTuan's tables, the taldes contained 
in the ^'Nanticol Almanac " for the same ]nirpose notwithstanding. 



It is always w^ell to exhibit the actual value of the corrections in 
the geometrical diagrams, as yon will sec tliat I have done in my 
solution of this problcnn You must not be content with the mere 
attainment of the final equations ; you must go hack and show how 
they agree with the geometrical conditiojis, which are but too apt to 
be forgotten while following out the analytical reductions. By sub- 
stituting different values, the \arious modifications of the problem 
must be traced frmn the establiBhcd general equations. 

Then comes the solution of numerical examples. In this I insist 
on neatness and careful talndation ; a special and distinct place for 
every subordinate fragment of calcalation. Upon this orderly system 
depends very mvich of the accuracy, without which all your fahour 
js in vain in these often complex calculations. 
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The calculations having been completed, make your scholar, by 
means of close questioning, describe every successive step in his 
work, that he maybe impressed with its necessitj-, and see its proper 
place in the order of his tabulation. Let no portion of the subordi- 
nate calculation be performed on loose scraps of paper, and thrown, 
aside ; but, being essential to the accuracy of the results, let them 
have a place in the tabulation. ITiis is easily accomplished, and 
affords the greatest facility for re-examination when necessary. 

The method of finding the latitude by altitudes of the sun near 
noon is a ready, easy, and accurate one, very well deserving of more 
attention than it generally receives ; and I would recommend a 
diligent attention to it on the part of those who are teaching naviga- 
tion. It is a simple problem, and I will venture to show how we 
discuss it with boys at Greenwich.* 

Bed, to Merldian.f 
The ordinary formula for the computation of the reduction is — 



E = cos. lat. cos. dec. cosec. mer. zen. dist. 



2 sin. 



. /' 



sin. 1" 
The following modification of it seems to offer some advantages : — 



COS. I COS. d 
sin. z 



COS. I COS. d 
"sin. (T'^d)'^ 

COS. / cos. d 



■'N 



sin. I . COS. I. — cos. L sin. d 

_ K 

tan. I — tan. d , 

This, with a table of nat. tangents and another of the values of N, 
gives the simplest mode of computing the reduction. 

The following method of detennining the latitude by projection on 
a Mercator's chai-t might be practised with advantage as a check to 
calculation: — 





z • 

\ 




S 



* See Riddle's Navigation. 

* The late Mr. Kiddle communicated this method to the Phil. :Mag. in 
October 1818, having practised it for a considerable time previous. It next 
appeared, I believe, in Brinkley*8 Astronomy, 1819, and again deemed original 
when published in 1821, by Gen. Sir Thomas Brisbane, in the Edin. Phil. Trans, 



S positiou of the sun on its pai'allel of detlinatiou, at"COi*diQg to tlic 
estamated Grreeixwicli time. L Z the meridian oi' the observation, 
determined liy its longihide. S Z the zeiiitli dlstimce, taken with 
compasses from the divided meridian^ and applied from B to 2^ gives 
the place of the observer at Z, 

It in an old maxim in nautical astronomy, that observations for the 
determination of time ahooild be taken when the object employed is 
as near as may be to the prime vertical. An eiTor in the ob.«4erved 
altitnde then produces the least posisLble effect on the computed 
meridian distance. 

The expression of the relation between these en-ors is — 

i 



sin. az. COS. lat. 
or when the az. == 90^^ 



M — 



cog. lat. 



It appeavsj therefore, that the latitude is an important element in 
this relation^ and that the effect of an error of oljservation will bo 
greater in high latitudes than in low ones. 

For a place on the equator, 

and therefore under no circumstances can the error in the houi' 
angle be les.s than the error in the observed altitude . 

But an eiTor in the ob yenned altitude is not the only one to which 
the navigator i^ liable^ neither i."? it the one to which he is most 
exposed. The skilled obgerver, with good in.strmnents, can do much 
to guard against errors on his own pai^t ; and those whose observa- 
tions are infected by bad habits, such as observing the limbs^ over- 
lapped or open, may destroy their effect by taking alternately the 
upper and lower limb* 

Besides, the i<un is generally low when near the prime vertical, 
and therefore more subject to the variability of the refraction. 
Indeed, the error to which extra-meridional observations is most 
liable exists rather in the estimated latitude. The effect of any pro* 
bahle error in the latitude is imperceptible when the object is on the 
prime vertical ; and this is the best reason for the practice usually 
recommended. 

Provided that errors in the elements of the problem ai'e avoided 
or destroyed, the mathematics cannot fail to give your time from 
observations much nearer the meridian ; and if the observations are 
taken on both sides of the meridian many sources of error may be 
eliminated, and onr meridional obsei'^^ations might be made to give 
latitude, longitude, tmd variation of compass at noon, especially in 
low latitudes, where the altitude changes rapidly* This I would still 
suggest as a fair sul^ect for discussion, 

lEqtuil AUiittdes* 

Galbi'aiths says (see his tables), '* When great accuracy is required, 
** equal altitndes are very superior {to the common methods of find- 
** ing time), especially when a tiansit instrument cannot be obtained, 
*' On this account various tables have been computed to faeilitate thia 
*• operation, though it is believed few of them afford groat advantage 
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* * in practice. By reason of the inconvenience of taking proportional 
** parte, it is often better to give an easy practical rule, requiring the 
" use of the ordinary tables, when neither doable entries, different 
** signs, nor proportional parts are necessary." 

This opinion is a sound one, and for a long period I have not 
allowed my pupils the use of any special tables for this problem. 

Mendoza Bios's table of the equation of equal altitudes is one of a 
convenient form and good principle ; the interval of time between 
the observations and the longitude of the sun being used as argu- 
ments. They do not, however, enable us to dispense with the 
logarithmic tables, and therefore aflfbrd no great additional facility 
to the solution of the problem, especially when the trouble of inter- 
polation is taken into account. 

Baron Zach also published tables for the same purpose. The most 
popular, however, are those of Baily, commomy known as Logs. 
A and B. Even these are open to objection, as depending on 3ie 
change declination between the noon of the preceding day and the 
noon of tiie day following the day of the observation ; a change in 
eight-and-forty hours — a period, perhaps, ten times that which 
elapses between the two observations. 

This, perhaps, arose out of the circumstance that the daily change, 
or two-daily change, could be most readily obtained from the 
"Nautical Almanac" in its old form. But now that the hourly 
change of the sun's declination is given in the " Nautical Almanac," 
it has struck me that a much more convenient system of tables might 
be devised. 

My plan is this : the formula for the equation of equal altitudes is 

c . tan. lat. cosec. Ar — c . cot. p . cot. h. 

When c = i change of dec. and h the hour angle ; 

H TT 

or, d^ . tan. lat. X ■ ■ y. — d} tan. dec. X : r 

sm. ti tan. h 

d^ =s hourly change of dec, and JET = hoars in i elapsed time. 

.-. c:=d'xE 

Dividing by 15 to reduce the expression to seconds of time 

d> tan. lat. x tr .^ r — d} tan. dec. X 



15. sin. h "" ^- ^^^- -^ 15 . tan. ^ 

TT rr 

Now the logarithms of ^5 g^^^ ;^ and j^^ ^^^ ^ are easily tabu- 
lated ; and denoting their values by A and B^ we have 

d> . A tan. lat. — dt^ . £ tan. dec. 

as the convenient working form for the problem. 

The tables of the logarithms A and B are small, and even when 
carried out to the utmost limits requisite to spare the necessity of 
any interpolation are single page tables ; and a^ is obtained at once 
from the *' Nautical Almanac." 

Indeed, the second term can be easily tabulated in a still more 
concise manner. This term never exceeds 3*3 seconds of time, 
and only attains this maximum value when the sun's declination is 
17^, and the elapsed time between the observations at the smallest 
value ever employed. 
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This result being I believe, 
new, and its investigation cu- 
riously simple, I will give it 
here. 

d' = V COS. G 

= V COS. a sin. w. ^ 

/. multiply by tan. d = sin. a tan. w 

d' tan. (2 = r sin. a cos. « X sin. w tan. w 

but Z' sin. w tan. t<; is almost constant, 

and .*. d' tan. d a sin. a cos. ^ a sin. 2 a 

.'• d' tan. (2 is greatest when sin. 2 a is greatest, or where « = 45°, 
and corresponding values in succeeding quadrants. 

Whence «Z' = 17° 3' 31". 

Next the maximum value of JB = 10*82" ; whence the value of the 
second term = 3*3'. 

Doitble Altitudes. 

The simplicity of the computation of the correction due to the 
change of declination, as I have now given it, leaves nothing to 
desire, either in conciseness or accuracy. 

The correction is c -~^ 
sm H. 

or. (?> sin. H' X ^?^?i^ 

sm. H 
When c = change of declination in the half elapsed time, 

= hourly change (d*) X hours in H, 

Now, .^ rr — may be taken as = 4 within all the ordinary limits 
of observation. 

Whence the correction = 4 d} sin. JET^ the value of which may be 
readily obtained from the common traverse table. 

The maximum value of this = 4 (?* and the greatest value of (f 
occurs at the equinoxes, when it is nearly 1' ; therefore the greatest 
possible error from neglecting the correction is 4 miles. 

But in practice jBH rarely exceed 2 hours, which will make the 
extreme probable error about 2 miles. 

Woodhouse's formula* for the same correction is 

COS. — ^ . sm. ^-^— 

± (D - (?) 7 — 

COS. D COS. L sin.2^ 

This is strictly accurate also, and on making the reductions of 
which it admits, readily falls into the shape 

sin^ff 
Bm,H 



/ 



See "Woodhouse's Astronomy, 
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It is well to know the limits of error in this way, that we may be 
faliy aware what degree of dependence to place on the resnlts of onr 
calculations if this correction should be omitted altogether. 

The rule for its application is rather complicated, and depends on 
two considerations. 

1. The relative magnitude of the two altitudes. 

2. The increasing or decreasing of the sun's polar distance, or 
of the lengths of the days. 

The following quaint artifice may serve at least to amuse you. 
The letters of the gentle word 

MILD 

contain the initials of the words More, Less, Increasing, Decreasing. 
When the second altitude is 3fore than the first, 1 *] mi^ 
and the days Increasing in length, J I ^qj^q^,. 

or. When the second altitude is J^ess than the first, \ ftion is 4- 
and the days Decreasing in length, J J 

Therefore if the observation under discussion furnishes the initials 
M and J, or L and D, the sign is additive. 
Otherwise the sign is negative. 

Lwiars, 

With reference to the problem of finding the longitude by lunar 
distances, of which so many solutions have been given, I would 
urge that the direct calculation of the spherical triangles, involving 
only the common logarithmic tables, is the most satisfactory. The 
employment of special tables, with the view of making the work 
more concise, is often very deceptive, and a mere substitution of 
labour of one kind for labour of another kind ; and the simple prin- 
ciples of the problem are always more or less obscured by tnem. 
The few figures may be, and generally are, obtained with more 
trouble than the many, and the simplicity is only in show. 

Having now glanced at several of the leading subjects of astrono- 
mical navigation, and overstepped the bounds of the time allotted mo, 
I must conclude with one moi'e necessary piece of advice, that the 
use of nautical instiniments be diligently practised and taught, for 
without this all your teaching is imperfect almost to uselessness. 
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" Geography, regarded only as the description of the outlines of the earth, 
and the determination by astronomical observations of the relative position of 
hills, rivers, and valleys, to be laid down by a topographer on a map, is but 
the keystone of that, splendid science when viewed in its most comprehensive 
bearing." — Sie Roderick 1, Murchison, Address to the Geographical and 
Ethnological Section of the British Association at the Oxford Meeting of 
1860. 
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In the covLTse of lectures addi^essed to teachers, on the method of 
studyiiig Mid teaching the different branches of science, it has fallen 
to my share to speak on physical geografhif, and 1 do not belieTO 
that any of the lectnrera who preceded me, has been trnsted with a 
more attractive subject* 

The principal charm of physio&i geogi^aphy rests npon the fact 
that it is quite a new science, and therefore has all the vigour of a 
fresh branch. The first man that conceived and sketched out the 
system of a complete view of the universe was Alexander von 
Ut^imholdtf who left this scene of his earthly labour hut two years 
ago* Thus physical geography is a science only coeval with our 
own generation, nor could it have been otherwise. Physiail 
geography is ie all its branches a result of diBcovery ; ite laws 
are a generalization from facts which had to be established, 
compared, and comiected, before you could construct them into a 
system. It was not until the whole, globe was known and mapped 
out, that yoii could speculate on the laws of the division of land and 
water, on the form of the continents, on the direction of ocean 
currents, on the dista'ibntion of plants and animals, or the difference 
of isothermal, isotheral, and isocMmenal lines. Now it is not fully a 
century that the island world in tho Pacific and the great continent 
of Australia were opened to investigation, and as there are even 
now regions not disclosed to our curiosity, and every day adds new 
facts to the mysterious life of our globcj the science of physical 
geography is still in fall growth. This growth, in fact, is so rapid 
Saat any author on physical geography, if he wishes to keep up with 
the pace of investigation, will be bound actually to re-write his book 
at least every 10 years, and that the very hest physical atlas becomes 
antiquated even in a shorter time. 

I am the last man to deny the exertions and snccessfal issues of 
antiquity in the field of natiLral hi-story and descriptive geography ; 
and I believe that whatever, in these branches, could be done 1,800 
years ago, has honestly been done by Pliny, the naturalist, andiStrabo, 
the geographer. But, clever and valuable as many general conclusions 
of these and other ancient writers are, the portion of the world 
within their ken was mnch too small to allow of their aniving at 
general results. Bemember that Herodot^is, who, for his time, 
surely was a great traveller, with ii wonderful eye for observation, 
never set foot in the tropical world, except in one spot, on the con- 
fines of Egypt and Nnhia ; where, however, owing to the barrenness 
of that particular region, he could not be impressed with the beauty 
and fertility of the tropics ; consider that even to Tacitus, half a 
millennium after Herodotus, the 8hetlands and the amber coast of 
the Baltic were the extreme limits of ti-aditionary ktiowledge towards 
the polai' regions ; and keep in mind that, leaving alone America and 
Polynesia, even the gigantic world of China was imknown, to the 
very name, to any European before the Chilstian era, whilst never a 
ship left the coasts and sailed on the high seas, except by favour of 
the Indian monsoons; take the.^e points together into consideration, 
and you will at once understand why even the idea of physical 
geography oould not dawn in the mind of antiquity. As to the middle 
ages, they were surely given up to speculation, hut, on the whole, 
very indifferent to observation and discovery, and besides became 
even more impoverished in general geographical %jvo^\&^sf^^ S^waaa 
antiquity, since the rising power o? t\ie \?iWsi c\3l\. q^ ^^\xii^x^i^-^Q^'3i*^ 



of Christian Europe with India and Africa. To remove tKia barrier 
of ignorance, to open new oceans and fresh countries, and to found 
a solid system of natural pHlosopliy, was the task of the 15th| 16th, 
and 17th century, Tou cerfcaiDiy could not speak of the very 
rudiments of physical geography, before you were sure that the 
earth moved round the sxm, and this became known or at least was 
acknowledged but three centni'ies ago. It is om* duty now to draw 
the results of all these discoveries, to generalize the millions of 
observations, and to reduce the facts to a system. Just this is the 
task of the physical geographer. 

Auother great attracfciou of our science is it-s central position 
amidiit all other branches of human knowledge. First of all, 
physical geography draws the results of all the different branches of 
natural science. From mutliematlcs and aMronimnj we obtain the 
solution of all the great problems of mathematical geography. We 
borrow from phijsics the laws by which the two great oceans 
surrounding our globe, the aerial and the wateiy, regulate theii* life. 
For the investigation of the earth's crust and its formation in 
mountAina, plains, and table-land>j, we must draw on the storehouses 
of geoloffij and tmneralogy. The flora of the globe connects physical 
geography with hotanyt the fauna with zoology; and the races of 
man can only be discerned and classified by the assistance of 
ethnogmphif mid anatomg. Thus far physical geography is a 
summary of le suits tlrawn from all natural sciences, and there is 
hardly any discovery to he made within the empire of nature that 
will not in some way or other influence our study or our teaching of 
this wonderful branch. Yet, here too lies its difiiculty. The 
majority of men have a talent for specialty. Specialty can be learnt 
bv memoiy, without the imagination of the poet or the genius of the 
philosopher ; hut generalization in a power limited to the few, for a 
greater number of people like to cram than to think j and I verily 
believe that physical geography is so much neglected in our public 
and private schools, because it obliges the teacher to generalise, 
instead of showing off his knowledge in the detail. 

Yet, comprehensive as may appear this connexion of physical 
geography with its sister sciences of nature, it opens a prospect no 
less wide and infinite into quite another range of huraan knowledge. 
K you attempt to draw a Ijroad division of all Aciences, you will see 
that they separate in two grand masses, the one heing the science of 
nature, the other the knowledge of the human mind and its results 
in politics, art, science, literature, industry, and commerce. 
Geography, in its widest sense, is the connecting-link of both masses. 
Its two first branches, mathematical and physical geography, fall 
entirely on the side of natui'e ; its third branch, political geography, 
lies on the side of the human mind. For be it at once stated what 
separates these three gi^eat branches of geography. Mathematical 
and physical geogimphy show the globe as the hand of nature framed 
it I political geography tells ns what man made of it. Thus physical 
geography connects the science of natui^e with the science of the 
human mind. Without it history can never be understood. If I 
describe Australia physically, I must fall upon the fact, that this 
continent, before Europeans settled there, contained no animal that 
could be domesticated for the use of man, for giving milk or meat or 
assisting in labour at any time the owner required it* Surely it 
would he hard work to tend a flock of 1,000 opossums, nor should 
I like to drive a plough with a pair of kangaroos ; so it is easy to 
show that the poor blacks in Australia could not even reach the low 
degree of civUiza^tion which tho very negro of Africa has attained by 
Ais ox and sieep. But what itt vforae, A,\\atr?i\m'^a w> ^^m ^ba^t- 




ever J no fruit that can he converted into flour and bread ; and so its 
inhahitants were doomed for ever to remam savage hunters and fisher- 
men, without thepossibility of tilling the ground and forming civilized 
communities. Noiv I will confess I do not belong to the school which 
deducts the destiny of a nation merely from the structure of the 
country, and the fertility of the soil. This is barefaced ma- 
terialism in science. Just as in an individual it is mind and body that, 
operating together, work out a man's life as their common result, so 
it is not merely the country, but also the race that producea history, 
for good or for evil. In California the gold existed from the days 
of old ; there was that sjilendid harbour of San Francisco, and the 
gigantic Wellingtonia rose in the valleys, before man set his foot 
under its majestic shade. But for centuries had the benighted 
Indian, the bigoted Bpaniard, possessed the country without finding 
a single nugget, without sending a single keel out of the Golden 
Gates ; and not ere the sharp eye, the active mind, the strong 
arm of the American seized upon this western paradise, did 
California rise to its immense hist'Oi*ical and commercial importance. 
So you see there is much in the race ; without that wild roamer upon 
the seas, the Dane, or that bold adventurer, the Kormtm, would 
neither the Briton witli his indifference txi the salt water, nor the 
Anglo-Saxon's peaceful skill in husbatidry have made England what 
eke is now, the queen of the ocean and the mistress of distant 
empires tT^^enty times her own size. Yet we must, on the other hand, 
not deny the important fact, that our mind is never independent of 
our body, and that in any region, where nature shown herself a step* 
mother to her son, no moral or mental power can overcome the im- 
possibilities thrown in the way of progress. Amongst Greenlanders 
and Esquimaux Grecian art will never flourish ; no Hindoo will ever 
write a rational work on history ; and no nation without a sea coast 
will twine a wTcath of colonies around her head. Thus we see, that 
an eye capable of reading the gi^eat hieroglyphics Lnscribed by 
the finger of nature as mountains and river valleys in the face of the 
earth, may decipher in these great tablets many a grand page of 
history. 

If I now venture to otfer a few hints as to the method of studying 
physical geography, I believe I can do no better than lay before you 
the results of my own experience in teaching it» For 10 years I 
have now been teaching and lecturing on this science in England, 
and, I must confess, I had to bogiii under great disadvantages. 
Geography, as it is usually ti'eated in schools, is considered by the 
pupils a great bore, and the consequence of this is a general neglect 
of the study. Perhaps, on no point are people in this country more 
ignorant than in geography, and the school books mostly in use 
show a deplorable want of method. It is certainly a strange 
fact, that Britain, although she rules over one-fifth of the human race 
and girds all oceans and continents with her dominions, colonies, 
and naval stations, has not established a chair for geography in any 
of her universities or larger colleges for genteel education,* Thus 

* I am nut exaj^gerating. Great Rritaio has produced Captain Cooke, Sir 
John FrankliQ, Dr. Li^^ngston, Sir Roderick Miirchison. She has a Geo- 
graphical Society, to which eveni^ scientifie traveller tarna for information ; in 
no country an eq\m\ annual number of books of travels are published ; never 
in world's liistory did a colonial empire like hers exist. And there ia no chair 
for geography at Oxford, Cambridge, Edinburgh, at King's Colla^^i, 'st V*^- 
versity College, nor eveo an examiiMir ou ^eQ^Ti^^\^^ Vii-^i^^^^s.^^^'^'^'^'^' 
The countr>- which practically, like none o\ViiT» ^TComciXa?. "C&r -feViSsi:^ ^'^ ^^^~ 
^ruphf, completely ignores geography in its scientijic teaching- 



sorely geography is not a favom*ed anbjeet with the leaders of our edu- 
cation, and England generally ignores the world which she governs. 
However, I have s^ucceeded in gathering audiences ronnd me, and 
difficnlt as pliytjieal geography may appear, I have expounded it 
several times, even tAi children from 10 to 15 yeai'a of age, and 
riveted the interest of my audience. So, whatever my scientific 
acquirements may he, I have a right to consider my method 
successful and may be allowed to turn my o^vn experience to the 
benefit of my colleagues in teaching, for if we know how to teach 
it, we shall at once see how we must study it, Kow there are two 
ways of expounding physical geography ; &stj by itself, then in 
CJoiinection witli political geography* 

As to the first of the two, there can he no doubt about the 
arrangement of the Kcience and its division in chapters. On that 
point all the systematic writers on our subject, Humboldt, Mrs. 
SomervLlle, Kliiden, agree, and all the smaller manuals follow the 
same plan.* I will not enter upon the disputable point, whether 
mathematical geogiaphy is an CBsential part of physical geography 
or a jbranch of its own^ For the practical use of tuition, at all 
events, you cannot do without it. Yon must begin with contera.- 
plating the earth as part of the universe » Yom* pupils will at once 
be attracted, if you promise to show them how the seasons follow 
each other* why their relations in Australia celebrate tbeir Christ- 
mas with green pean and cherries, and how by way of latitude and 
longitude a sailor is able to reach with certainty the smallest island 
lost in the immensity of the Pacific ; for you should always fix your 
theoretical instruction to some practical question, which rises spon- 
taneously in the minds of youi' young audience. On mathematical 
geography, however^ I will not say anjthiog special ; this branch, 
owing to the general interest in number and calculation inherent in 
the EngliRh mind, is well treated in English achooli^. Those of my 
audience that are likely to come before this committee for exami- 
nation, will know mathematical geogra]>hy from itti utility in naviga- 
tion ; and the use of the globes, which is nothing but the practical 
application of mathematical geography, hn-s formed for many years 
an integral and legitimate part of school business. 

The next pomt will be to divide yom:^ subject in two halves : the 
inorganic and the organic bodies, of whic:h the connecting link is 
the theory of the climate, I usuaDy begin with placing a map of 
the whole world with the two hemispheres before the pupils, in 
order that thej may learn how to read a map. This is an important 
point. Host people do not understand maps, nor are they able to 
gather great facts from the mere view of the map. Yet a well 
directed look at the map of the work! revealn a great number of 
inter eBting subjects. The land is wide to the E^oi'th, and naiTOws 
to the South, Take a globe and turn it so that the Bay of Biscay 
comes up as the centre of a hemisphere. In this simple way you 
can show that Great Britain lies in the centre of the greatest amount 
of continent, whilst it is round the island of the Antipodes that the 
largest possible oceanic hemisphere, with the fewest and smallest 
portion of land, expands. From this you can make yom^ audience 
comprehend the important commercial situation of their own native 



* For the examinations for Science cerufic4ites, the work of Mrp. fioraerville, 
and^the ** Outlineii of Physical Geogrtiphy,'* by Edward Hughes (late head- 
master of the Koyal Naval Lower School, Greenwich Hospital), are proposed as 
text books. A teacher who knows the contents of the latter book well will be 

able to pass ; a candidate, who has thoTougMy staiied. auid digested iire, Somer* 

rille's work^ wlU be able to obtain a good piedkut^!. 



country . Further, tlie contineuts appear all pointed to the south, 
and in that direction all great penhisulaa stretch : yet the north of 
the continents, too, rises towards the pole under nearly the Kame 
meridians as their farthest expansion to the south ; so the rising of 
the continents must have heeo in some way conneeted with the direc- 
tion of the meridians, Continuo then hy comparing the continents ; 
let your pupils understand how Europe, with her immense coast 
line, with her jagged shores hroken into innnmerahle gnlfs, islands, 
and peninsulas, invited the foreign settler, and became the foremost 
country in civilizatiou. Show then how Africa, being inaccessible 
through the massive bulk of her outline, warded off the foreigner 
and remained mentally behind the other sisterB, Explain the easy 
migratioiiE of nations from Asia into every continent, whilst the 
Houthern lands, scattered amidst gigantic oceans, eould uot attempt 
a civilisiing intercourse with each other. Let your young people 
see how Asia, in every one of htir extremities, assimilates her phy- 
sical features to the adjacent eontiiierits ; how Asia Min<)r resembles 
Greece ; how Southern Siberia, passing imperceptibly into Eastom 
Europe, became the highway of iNomades into the l3bick Sea re- 
gions ; how the Esquimo found in America the same climate which 
he had left in the north-eai^tem peninsula of Asia ; how tlio Arab 
waa bronght up to expand his national life and creed, his date palm 
and camel, iut<J the deserts of Africa, so singularly similar to his 
own native sand ; how the tropical world of India is continued 
through a long sonth-easteni train of islands across the whole Pacific; 
how, in a word, niothL^r Ah in,, before sending forth her different 
children from the threshold of home, first inured them individually 
juat to the very same hardships which each of them would encounter 
in the country of his choice, Sec what a quantity of interostiug 
obHcrvatious you can at once derive from a mere ontline map and 
the distribution of tbe continents. 

Having thus impressed on the mind of yonr audience the general 
forai of the continents, the crust of the earth comes next. It mnst 
depend npou your own knowledge of the subject, how far you will 
enter upon geology ; at all eveiits, I would classify the principal 
rocks and illustrate them with specimens from the neigh bouj^hood. 
Here is the place, too^ to speak of the mineral productions of the 
earth, as far as they minister to the wants of mankind, and if you 
are in a mining district, there will be neither lac"-k of specimens nor 
of attraction. Volcanoes are always very striking to the young 
mind ; describe some of them in a graphic and animated way, ana 
then deduct from these descriptiotis the laws of volcanic action and 
of earthquakes. Take yom* pupils out for a walk over hill and 
dale ; make them imderstand what a valley, a slope, a table-land 
means. Take a thermometer with yon, and show them tbe differ- 
ence of temperature in a level near the sea and on the top of a 
mountain; walk u]i a stream to the souice, thennp a tributary" brook, 
and thus show them what a river basin is. When you come home, 
let them draw maps of the ground tbey walked over with you ; let 
them paint the levels in green, the hills in brown, the fiat backs of 
the hills and the plateaux, if there are any, in white, and draw in 
the brooks and rivers with black or blue ink ; where there ai'e 
swamps, pools, or ponds, let them draw them likewise in blue. One 
such map, draivn from the observation of the pujjil bimselL ia 
worth more than a hundred of those copied maps, of which certain 
schools boast, and which iu reality have no value at all, as they are 
mere mechanical, or at best, mnemonic work. For having once 
drawn hi a own parish upon the principle of a yliY&vevvVv&a.^^^'axK 
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pupik will henceforth he ahle to read a physical iftiapf and besides, 
they will attend to the phj- isical featni*es of any part of the world 
they go to. So now you may take your physical wall map and 
teach them the details, tracing the great mountam gronps, table- 
lands, plains, and deserts. Snow them how they can determine 
from the map whether a promontory is a bold headland or a low 
ness. Measiu^e the lensfth of yonr brook, and by transferring this 
measni'e upon the Nile, Yantsekiang, or Amazon, give them a vivid 
impression of the extent of other continents. Explain to them how 
America^ sealed to the west hy the mountains, opens her plains and 
river outlets towards Europe and attracts the European settler ; 
how Asia J sterile in her centre, stretches to the sea the glorious 
fertility of her levojla ; and how Africa, built up in terraces, pre- 
vents the foreigji vessel from sailing up to her centre. If in this 
way you know how to generalize, your pupils will at the same time 
be moat willing to learn the detail in the bargain. 

]^ext to this will come the tbeory of the oceans, and hydrography 
in general. Ko chapter in our science is more charming than this 
to an English child; the sailor blood comes out the moment you 
mention the salt water. Measure before their eyes the depth of the 
neighbouring stream, and then tell them of the depth of the high 
seas ; make them understand that Great Britain and the islands 
around stand upon a submarine plateau ; that St. Paul's churoht 
when placed in tbe English channel, would, in m.ost places, stand 
out with its dome like a tiny island ; and that the real basin of the 
Atlantic, our true separation i'rom the western continent, only 
begins a hundred miloj* from our western shore. The colour, salt- 
ness, and temperature of the ocean can in so many places bo illus- 
trated by showing and measuring them in reality; and the great 
phenomenon of the tides will weigh on the mind of every inhabitant 
of the shore, until you give him the solution of the problem. 

After the oceans, lakes, and rivers, we come upon the great aerial 
sea surrounding our globe. Here you reveal to your audience that 
wonderful circulation of water, which has its parallel in the blood of 
the animal organism. From the ocean, as the heaving heart of the 
universe, by evaporation the cloud rises ; it returns to the earth by 
precipitation, and in the thousand veins of rills, streams, and rivers, 
returns to the common centre of life. The clouds in their different 
shape; the feathery cirrhus, the dazzling cumulus, slowly floating 
along in the blue noonday sky, the stratus of the night resting like a 
wall over the northern seas, — are they not in themselves a never ex* 
hausted source of interest and observation ? The various kinds of 
precipitation by mist, rain, hail, snow, and dew, upon which all the 
fertility of the soil depends, must become attractive to the cottager's 
child, when you reveal their causes and conditions, as the sailor boy 
will be charmed, when you open his eye to the origin and infinence of 
the various winds. You improve humainty if you make men under- 
stand the things upon which their earthly existence rests. 

From meteorology you have but one step to climate, and this 
fiiibject again forms the bridge foi- passing from the inorganic half 
of your science to the organic part» The productions of the soil in 
the vegetable and animal kingdom, and at last the races of men, 
constitute this part of our subject. Here a double way lies before 
you, and you have tbe choice: Either you may walk through the 
single continents J and speak of the mammalia of Asia first, then 
of those of Eurojie, then of Africa, America, Australia. The birds, 
reptiles, fishes, insects, will follow m the same order, and the 
plants accordingly. Or you will do as the botanist and naturalist 



does ; you ^wiU classify by genua, family, species, leaving tbo 
geographical arrangement subordinate ; tnat will depend on your 
greater or lesser knowledge of these special branches. But, above 
all, dwell upon those gifts of the earth which are useful to man, 
and let us hear from which parts of the world we obtain the 
principal necessities, commodities, and oraaments of life. Com- 
mercial zoology and botany will prove more exciting and useful 
than a scientific system of floras and faunas, la the present 
state of the world the diTision of labour has led t<3 a remarkable 
ignorance about labour. The children of the (Cockney know that 
they can buy tho fig, date, and orange in the grocer^s ^hop at the 
next corner, provided they coax their twopence out of mamma; 
beyond that grocer^s shop their imagination does not range. It is 
pitiful to observe how ignorant people are about the places where 
things come from, even the sellers themaelves.* Now here lies 
a capital means of wakuig a warm interest. Do you know what the 
real gift of a teacher is ? — That he should develop the unknown 
from, wliat Is known ; that he should find the hook already extant in 
the pupil's mind on which to attach a new thread of thought. Here 
lies one of these hooks, l)y w^hich you can attract even the yoimgest 
children, if you will inform them wherefrom tea, coffee, rice, tapioca, 
come, how they are planted and prepared for use. Tell your 
audience how almost all our fruits, the peach, apricot, lemon, cherry, 
and grape, originally came from Westei-n Asia, and reveal to them 
the profomid meaning of the verse in Genesis, that it was in those 
parts that God planted the garden with all the different fruit trees. 
Show them how our ox, horse, ass, and camel descend from the 
same parts, from Western Asia, and open in this way their eyes to 
the great historical fact of the great migrations from our conunon 
father*s house, Asia.f And then Kpread liefore thorn the table of 
races of man. That's another point shamefully neglected in our 
education, and this neglect has bred that truly European contempt 
of our bretlii-eii in other continents, and destroyed justice and 
charity in our dealings with them. It seems as if the English, from 
their insular position, had become singularly indifferent even as to 
the raees and nationalities in Europe, just at a time when the very 
principle of coincidence of nationality and state (may we like it or 
not, the fact exists,) is growing into the principal lever of political 
changes ; and from this indifference comes the toUd ignorance about 
the real political questions of the continent, an ignorance so pitiable 
to every foreigner vsrhcn he reads the pretentious leaders of the great 
London journals. And having thus concluded the division and des- 
cription of the human races, considering them as the last productions 
of the earth, it is here that Physical Greography ends. *' A physical 



* At the examhiation held hy this department on Physical Geography, 
one question is regularly ^^\en, asking for the countries where our principal 
imports grow J and it is isingulfir to observe that tliiK question, in a country' 
so essentially conruuercial as England, but too often proves a sttuobling block 
to the candidate. 

f There are three public collections in London and its neighbourhood^, 
which will be a great help to the teacher, where the connexion of trade and 
commerce with the productiona of the three natural kingdoms comes ipto 
question. They are the Museuin of Tractical Geology, in Jerinyn Street ; the 
Museum of rractical Botany at Kew ; and the Museum of Animal and Vege- 
table Productions and Manufactures at South Kensington. All three are so 
admirably aiTanged that, with merely an observjint eye, within a sha^ 
time the subjects for a whole lecture, systematically cQ\a'^<i%^ "asvi^ i^ss^ii:^ '^'=st. 
tise^ may be collected there. 
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** pictui"6 of Nature," these are the words with which Humboldt 
closes the first: volnine of his ICosmoa, *' points out the boundary 
" where the sphere of intellect commences, and a distant view into 
** another world op^ens. It points out the boundary, without 
'* fjassing it." 



We, however, must pass thia boundary, for, as I already stated. 
Physical Geography in not only a complete system in itself, it also 
lends its powerful aid to the instmction in political geography, 
imd as here is it of the most efficient use, I will conclude with 
Home observations on the maiinei' in which it should be applied. 
Let me confess at once my sad conviction that almost everywhere 
geography is taught in a wretched way. Being considered a portion 
of what i« called the '* EngUsh branch " of education, (one hardly 
sees why it should be more closely connected with English grammar, 
than, for instance, music is), it is iu families and schools thrown to 
the governess. Of course, a governess, iLn the scholastic advertise- 
ments in the Timas will show you, must understand English, French, 
Grerman, Italian, besides a bit of Latin, and, if possible, Hebrew*— 
music, to be sure, and singing* l^ow that is more than the moat 
profound scholar could undertake to teach. But she must besides 
teach history and geography. Poor girl : so she takes a text-book 
and makes the poor children learn by heart what^ieither they under- 
stand, nor, of coui'se, the governess herself. Never mind, there are 
at the end of every cha|)ter the questions and answers I So the 
children of our gentrj-^ and nobility go on, they learn the 34 States 
of Germany with all tbeir capitals, and all the 86 Departments of 
France with their chef-licux, antl then come the Counties of England 
and Wales, of Scotland, and then of Ireland (they are the worst !), 
That's what they call geography, the rack of the nursery, the bore 
of the school, the despair of children, the yawn of the teachers, 
the wicked destruction of memory, for it is a falsehood to say that 
memory is strengthened by a million of indifferent and confused 
lines scratched into it. Every teacher that lays the pains of learning 
on the shoulders of the pupil, Instend of taktng upon himsel/ tJie 
pains of teiwhingj let him go and tend pigs instead of children i 
Every learning is useless which is not connected with ideas, and 
everything we forget that is not riveted to our mind, either by 
logical development or by imagination. Now 1 declare, when you 
begin to teach geography with the political part, you can neither 
proceed logically, nor awaken the imagination. You cannot paint 
a picture without a backgi'ound. It is imposijible to make any pupil 
understand the state of a country, if you have not first described 
to him the country itself. This is almost entirely ignored in our 
school teaching. How totally indifierent people must be on this 
point is proved to me by the circumstance that amongst the hundreds 
of wall maps published atumally in London, there are not ten 
physical school room maps extant, except Sydow's, and they are of 
Ibreign manufacture ; and then some relief maps, arnl people tell m© 
that they are no longer published, because they would not sell. That 
shows what it is ; we want teachers that understand how to teach 
geography ; and it seems we have them not, else there would be a 
demand for physical maps, and if there were a demand, either science 
or speculation would soon produce a supply. The common political 
wall maps are abominably false as to the physical features* As 
everybody knows, the two islands of Great Britain and Ireland coii- 
i^w no tahle-l&ndB. except the small ones in Cornwall and Devonshire, 
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and as this form of elevation is not famllittr to the inhabitants of 
tKese islands^ all EnglisU maps blot out the table lands from every 
continent.* In all the wall maps I know, even tbose publisbed by 
societies, Spain appears like a lowland^ only intersected by chains of 
hills ; the Norwegian Alps, drawn as a narrow ridge, are on either side 
surromided by fiats, and in Asia, Tibet, with iti^ elevation of 13,000 
feet, looks quit(3 as low as Bengal on the sontbern side of the 
Himalayas. It is, indeed, impossible to dra,w the physical features 
of a country clearly on a political map^ as the coloured lines of the 
boundaries and the large number of states, provincesj and towns, 
prevent au accurate drawing of the physical features ; and it is juat 
for this reason that separate physical wall maps, by the side of 
political maps, are indispensable.! Take, for instance, Sjdow'S or 
Joknstou^a physical maps of Europe*, ami look what the world really 
ia \ then you will not see the thi'ee southern peninsulas all luwland, 
with thin snaky lines of mountains crawling over them like a 
BColopendra,t but with moimtains decidedly in preponderance over 
the fiats, and each peninsula in the sharply detincd drawing of her 
bony parts : Spain, like a block of rock w^itb a few splits : Italy, a 
serpent wdfcb a backbone without ribs : Turkey and Crreece, like a 
leaf with veins shooting forth from the central stem. If ui this way, 
with the assistance of a good physical map, j'^ou individualize a 
country by exjAahiinff Us skdctottj you have at onco gained that 
clearness of conception which an artist gains by studying the 
skeleton of any animal he wants to represent. 



Now to show how physical geography in the description of every 
individual country should be connected with the physical part, it 
would be beat, if you could prevail on the Council of Bdncntion that 
they allowed good teachers to give, instead of lectures, one lesson 
each before the preceptors* as if it were before a school ; for the 



• " The common method in deacHbing the earth ia open to the same 
reproach as many Historit^s. As the latter over the emineDt heade forget the 
heaji:s, and over the princes the people, so Geograpihy, frequently in favour of 
the high peaks, neglects the base which connects and supports them.'* — Carl 
Ritter, Erffl/eftchrethun^^ vol, i, p. 134. 

t Once a governeRs (and not a particularly stupid one), showed me a new 
atlas, and said with euthusiasru, ** 1 lilte this atlas ; the maps are so eleiir; 
i/isre are mfeay mountains on Mem." 

f There is a serviceable physical wall map of the BritiBh Islea, puhlished 
by the National Society ; also several good geological maps of the aamt isles, 
Eut it was only last year that a distinguished British cliartographer, Mp» A1**x- 
ander Keith Johmtfjne^ commenced a scpies of physical wall maps on the 
continentH, of whieb the firf+l, Europe, is out, and an excellent and highly 
Snisbed map it is. The only complete neries of pliysical wall maps is iS'yf/oty'i, 
originally published in Germany (by Justus Perthes, Uotha), of which an 
English edition, with a short Enj^lish book of reference, is on sale at Messrs. 
A¥iTliains and Norgate's, Henrietta Street, Covent Garden. They are large and 
very clearly drawn j the physical map of Europe is a true masterpiece of 
chartographic skill. Most of the cheap poHtual wall maps generally used 
in English schools are hflow criticism. Those publisbed by Philips and iSon 
are, however, recommeadablc for a fuller indication of the physical features. 
They are drawn by Mr. William Hughe.% (late Professor of GeJgraphy in the 
College for Civil Engineers, and now at Queen's College), wboae '* Manual of 
Geography, physical, industrial, and political/' (London, Longman, Brown, 
Green, and Longmans), in two parts, is, of all English books I k^<j»^ ,, V% K-kx^ 
the befit in point of the physical ^undatiou oi ^oWiacaV %^^^c^t^ , 
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practical application by esample would teacli an audience better 
thaji any theory. As it is, I can only by a rapid glance at one 
country ebow yon, bow in teaching geography, one thought should 
spring from another, and all appear connected into a living picture, 
and not merely a piece work^ or at best a mosaic. Let us take a 
country just now particularly attiactive, Italy. Here I would first 
dejacribc the Alp.H, and explain bow and why they diyide four 
nationalities ; in their etiateni part, where tliey grow wide and low, 
so that the railway from Yienna to IVieste could lie laid across 
them, the tjei'maii element, and the territory of the German Con- 
federation, with Trieste, cross the mountain barrier. I would 
then sketch Lorabardy; the northeni lakes, in tho deep splits of 
which the Alpine streams are ftltered ; the gi-eat artery of the Po» 
with the netw^oi'k of its hundred canals and its rice swamps, its lower 
course lying 40 feet higher than the market-place at Ferrara. Why 
was this Lombardy made to beeome the garden of Europe? The 
Apeimiiic would follow ; its calcareous eastern range ; its volcanic 
western hills. I would mention bow barren the one is, how prolific 
the other ; wliy in tho former the wolf still exists, whilst the west 
coasts of Italy, having plains and rivers, becamt; successively the 
seat of so many great empires. I would describe the marble of 
the Apenniiie as tho material for Italian high art; its flocks, as 
feeding the dairy and the factories ; its volcanoes, malaria, and earth- 
snakes as the drawliacks to the southern splendour of life and 
landscape- Why is Italy so warm ? ^Vhy tlid she become the 
nurnery garden* through which easteni fruit !>ecanie acclimati-sed in 
Europe ? And when and whence were cherry, apricot, peach, 
orange, and date palm first planted in her soil ? How did the enor- 
mous silk industry of Italy grow, and what is this industi-y worth at 
the present time ? Then comes the race of men : Italy, with her 
three islands, is ahont the size of Great Britain and Ireland taken 

• together, and notwithstanding her monastic institutions, her bad 
government, her internal wars, with her 26 millions of inhabitants, 
is only 4 millions below the British Empire, which now for more 
than a centaury has been free of all those hindrances ; so, surely, tho 
Italians cannot be a nation of idlers, if they are able to maintain a 
population so dense in comparison with Spain and Turkey. Which 
were the ancient elements of the Italian nation ; the Ligurian, Gaul, 
Etruscan, Latin, Greek P and how was the Eftnian blood tempered 
by the German and Arab immif^ration in the middle ages? What 
are the physical, mental, and moral qnalities of the present Italian ? 
Why did Italy take the lead in some branches of Art ? Then, after 
this general description has been given, I would enter upon the 
political state of things ; explain the former weakness caused by the 
division in small states and the consequent influence of the foreigner ; 
dwell upon tho present concentration, and finally describe the single 
towns of note in a lively way. 

Poor and incomplete as this sketch must be for want of room, yon 
will perhaps gather from it what we propose. Give us, in one word, 
connected thoughts instead of loose detail ; description for enume- 
ration ; facts for words ; and instead of smothering memory with 
the weight of dead matter, apjieal to the imagination. I said before 
that the ancients were not able to form a system of physical 
geography j but in the description of single countries they had 
already found tlio right method, and the more shame for us that we 
should have lost it again. Take, for instf^nce, Herodotus ; read his 
second book on Egypt, and if you do not understand Greek, why 

read it iu Mr. G. llawliusoB's tranftlatiom bee how he starts from 
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the Boil, explains tlie fertility, describes tlie Nile, and collects the 
traditions about its sources ; hoW' he brings in all knowledge at his 
command about the shape of Africa, and the travels of discoTery 
made around and within, it. Having thus spread his canvas, he 
now proceeds to sketch the Egyptian race, their political system, 
their arts, burials, religious ceremonies; and havmg thus accom- 
plished the geography and attracted us to his subject, he now 
proceeds to give the history. Or go to the two works of Tacitus 
that contain descriptions of two northern countries : his Germania, 
and his book on Great Britain under the title of Agricola. There 
you may learn how to draw an interesting and well -arranged picture 
of a country J its climate, productions, and men. Why, it is wonderful 
to read : there are actually but two short chapters on the geography 
of Great Britain, and what a treasure of uivalnable informatiou do 
they contain I That the Scotch are taller, and frequently have red 
hair, that the Welsh have a darker tint, and the hair more crisp, that 
the Britons in Kent were relations to the Gauls ; that oiu" skies are 
dark, but the cHmate milder than on the continent ; that, and why, 
our crops come out early and yet ripen late ; the long day of summer 
in the Orkneys ; that capital observation on the Bi'itish chai'acter, 
that the Briton is willing to obey, provided you show him no 
injustice, — here you may learn how to look out for matter of obser- 
vation, and how to weave it into a beautiful carpet of tuition. And 
if you want a modem book of the same power, but at the same time 
full of the science of our own em, read Huniboldt^s travels in 
America, and see how there, by the Bide of tbe moBt })hilosophical 
investigatitm of nature, the most amusing views open on every side 
upon the reality of life, on the habitations of the Indians, on caverns 
full of curious birds, on the earthquake of Carracas, on the milk tree, 
on the plantation of the coffee and cocoa, and the state of the Spanish 
colonies in generab Indeed, if you ask me at the end of this lecture, 
where shall we find the material for so extensive a I'ange of knowledge, 
I will answer frankly, not, of coui'Be, in your poor text-book, but in the 
hook» of traitel. England has not yet succeeded in writing a general 
work on the whole of geography, such a one as Prance has in her 
Maltc Bmn, and Germany would have had, had Carl Bitter lived long 
enough to finish the first of all geography books in the world. But 
although in English literature no system of geography exigts, your 
literature is wonderfully rich in tourists and travellers. The old 
Korman propensity of rambling in foreign coimtries, the love of 
sport m wild regions still full of game, the necessity of long stays in 
lonely stations and distant colonies, and, above all, the enormous 
movement of the British commerce, has brougbt Englishmen, 
Scots, and Irish into almost every corner of the world, and opened 
their eyes for obsei'vation. Many of thcso books of travel, of course, 
are ti-ash; if an ignorant clerk writes a book on his continental 
tour, hoping to get his travelling expenses back from the publisher, 
or if a high-born lady complains of every raw dinner or every flea-bite 
in an Italian inn, we caimot learn much from them, and he would 
better have remained behind his counter, and she in the midst of 
her comforts, with GeiTQan maid and French cook. But besides 
stich trash, there is an enormous amount of sterling observation in 
the better books of this class, and it is wonderful to see how lively 
you can di'aw your pictures when borrow big the palette from 
the eye-w4tnes3. Kor is this branch of literature likely to rliy np. 
This is a marvellous time for the geographer, teeming with great 
and long-sought discoveries. The north-west passage is now ex- 
plored, — a Scotchman has crossed Africa ri^kt \kt^Ti^.»*^<assv^'M^ 
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to east, — a few months ago, Mr. Macdougal Stuart planted on a rock 
in the very heart of Australia, in the centre between W. and E., 
N. and S. coast, the Union Jack of England ; and this very year of 
1861 will at last disclose to us the mysterious source of the Mle, for 
which three millenniums have longed in vain. It is a delight to live 
in such a century, and shame on ourselves if we are indifferent, and 
keep our children indifferent to the blessing of living in it. 



LONDON 
Printed by Gbobgb E. Eyse and William Spottiswoode, 
Printen to the Queen's most Excellent Uajesty. 



I "'^r^ 



r 



